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(57) ABSTRACT

A low-profile dressing interface or connector may comprise
at least two side-by-side fluid pathways fluidly coupled to a
recessed space of the connector, one for providing negative
pressure to a tissue interface and the other for sensing
negative pressure within the recessed space adjacent the
tissue interface. The apparatus may comprise a top layer
having a plurality of closed cells with tapered sidewalls. The
apparatus may also comprise a base layer forming a sealed
space between the top layer and the base layer. The base
layer may further include a plurality of closed cells having
tapered sidewalls. The apparatus may then further comprise

a barrier coupled between the top layer and the base layer to
form two fluid pathways within the sealed space.
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METHODS OF MANAGING MOISTURE
WHEN USING A LOW PROFILE WOUND
CONNECTION CONDUIT

RELATED APPLICATIONS

The present application claims the benefit, under 35 USC
§ 119(e), of the filing of U.S. Provisional Patent Application
Ser. No. 62/722,321, entitled “Methods of Managing Mois-
ture When Using a Low Profile Wound Connection Con-
duit,” filed Aug. 24, 2018, which 1s incorporated herein by

reference for all purposes.

TECHNICAL FIELD

The mvention set forth in the appended claims relates
generally to tissue treatment systems and more particularly,
but without limitation, to apparatuses and methods for
providing negative-pressure therapy using low profile dis-
tribution components for wound therapy.

BACKGROUND

Clinical studies and practice have shown that reducing
pressure 1n proximity to a tissue site can augment and
accelerate growth of new tissue at the tissue site. The
applications of this phenomenon are numerous, but it has
proven particularly advantageous for ftreating wounds.
Regardless of the etiology of a wound, whether trauma,
surgery, or another cause, proper care of the wound 1s
important to the outcome. Treatment of wounds or other
tissue with reduced pressure may be commonly referred to
as “negative-pressure therapy,” but 1s also known by other
names, including ‘“negative-pressure wound therapy,”
“reduced-pressure therapy,” “vacuum therapy,” “vacuum-
assisted closure,” and “topical negative-pressure,” for
example. Negative-pressure therapy may provide a number
of benefits, including migration of epithelial and subcuta-
neous tissues, improved blood flow, and micro-deformation
of tissue at a wound site. Together, these benefits can
increase development of granulation tissue and reduce heal-
ing times.

There 1s also widespread acceptance that cleansing a
tissue site can be highly beneficial for new tissue growth.
For example, a wound can be washed out with a stream of
liquid solution, or a cavity can be washed out using a liquid
solution for therapeutic purposes. These practices are com-
monly referred to as “irrigation” and “lavage™ respectively.
“Instillation” 1s another practice that generally refers to a
process of slowly introducing fluid to a tissue site and
leaving the fluid for a prescribed period of time before
removing the fluid. For example, instillation of topical
treatment solutions over a wound bed can be combined with
negative-pressure therapy to further promote wound healing
by loosening soluble contaminants in a wound bed and
removing infectious material. As a result, soluble bacterial
burden can be decreased, contaminants removed, and the
wound cleansed.

While the clinical benefits of negative-pressure therapy
and 1nstillation therapy are widely known, improvements to
therapy systems, components, and processes may benefit
healthcare providers and patients.

BRIEF SUMMARY

New and useful systems, apparatuses, and methods for
instilling fluid to a tissue site 1n a negative-pressure therapy
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2

environment are set forth 1n the appended claims. Illustrative
embodiments are also provided to enable a person skilled 1n
the art to make and use the claimed subject matter. Some
embodiments are illustrative of an apparatus or system for
delivering negative-pressure to a tissue site, which can be
used 1 conjunction with low profile distribution compo-
nents for wound therapy. For example, an apparatus may
include a low profile dressing interface comprising at least
two side-by-side fluid pathways tfluidly coupled to a recessed
space of the connector, one for providing negative pressure
to a tissue mterface or manifold and the other for sensing the
negative pressure within the recessed space adjacent the
tissue interface.

In some embodiments, for example, an apparatus for
managing fluid 1n a system for treating a tissue site may
comprise a first layer including polymeric film and a second
layer including polymeric film coupled to the first layer to
form a sealed space between the first layer and the second
layer. In some embodiments, the sealed space may include
a port at a proximal end of the sealed space. The apparatus
may further comprise a first mner layer including a poly-
meric {ilm disposed between the first layer and the second
layer such that the first mner layer defines a plurality of
closed cells with the first layer. The closed cells may include
sidewalls having a thickness tapering from the first layer to
a distal end within the sealed space. The apparatus may
turther comprise an applicator having an aperture formed 1n
the second layer at the distal end of the sealed space, wherein
the aperture exposes a portion of the plurality of closed cells
to define a recessed space adapted to be flmdly coupled to
the tissue site.

In some embodiments, the apparatus may further com-
prise a barrier coupled between the first layer and the second
layer to form two tluid pathways within the sealed space that
extends between the recessed space and the port. In some
embodiments, the apparatus may further comprise a second
iner layer including a polymeric film disposed between the
first layer and the second layer and defining a plurality of
closed cells with the second layer. The closed cells may
include sidewalls having a thickness tapering from the
second layer to a distal end within the sealed space.

In some embodiments, the polymeric film may be, for
example, a polyurethane film having an average thickness
between about 250 um and about 1000 um. In some example
embodiments, the polymeric film may be polyurethane
having an average thickness between about 230 um and
about 1000 um and the distal end of the closed cells may
have an average thickness between about 50 um and about
250 um. In yet another example embodiment, the polymeric
film may be polyurethane and the distal ends of the closed
cells may have a thickness of less than about 40% of a
thickness of either the first or second layer.

In some embodiments, for example, an apparatus for
managing fluid 1n a system for treating a tissue site may
comprise a top layer including polymeric film having a
plurality of closed cells including sidewalls tapering from
the top layer to a distal end of the closed cells. The apparatus
may further comprise a base layer including polymeric film
coupled to the top layer with a seal forming a sealed space
between the top layer and the base layer, the sealed space
including port at the proximal end of the sealed space. The
apparatus also may comprise an applicator having an aper-
ture formed 1n the base layer at the distal end of the sealed
space, wherein the aperture exposes a portion of the plurality
of closed cells to define a recessed space adapted to be
fluidly coupled to the tissue site. In some embodiments, the
apparatus may further comprise a first barrier coupled
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between the top layer and the base layer to form two fluid
pathways within the sealed space between the recessed
space and the port. In some embodiments, the port may
comprise an outlet adapted to be fluidly coupled to a source
ol negative pressure and a first inlet adapted to be fluidly
coupled to a pressure sensor. In yet other example embodi-
ments, the apparatus may further comprise a second barrier
coupled between the top layer and the base layer to form a
total of three fluid pathways within the sealed space between
the recessed space and the port.

In some embodiments, for example, another apparatus for
managing fluid i a system for treating a tissue site may
comprise a top layer including polymeric film having a
plurality of closed cells including sidewalls tapering from
the top layer to a distal end of the closed cells. The apparatus
may further comprise a base layer including polymeric film
coupled to the top layer with a seal forming a sealed space
between the top layer and the base layer. The base layer may
turther include a plurality of closed cells having sidewalls
tapering from the base layer to a distal end of the closed
cells. The apparatus may further comprise an applicator
having an aperture formed 1n the base layer at the distal end
of the sealed space and exposing a portion of the plurality of
closed cells. The apparatus may also comprise a barrier
coupled between the top layer and the base layer to form two
fluid pathways within the sealed space. In some embodi-
ments, the distal ends of the closed cells extending from the
top layer may be arranged to contact the distal ends of the
closed cells extending from the base layer.

A method for providing negative pressure to a sealed
space 1n fluild communication with a tissue site 1s also
disclosed. In one example embodiment, the method com-
prises positioning a tissue interface or manifold at a tissue
site for delivering negative pressure to the tissue site, and
coupling a recessed space of a dressing interface or a
connector to the tissue interface or manifold wherein the
dressing 1interface comprises a first fluid pathway and a
second fluid pathway that are fluidly coupled to the recessed
space 1n a side-by-side relationship. Such method further
comprises applying negative pressure to the recessed space
through the first fluid pathway formed by a first layer of
polymeric film coupled to a second layer of polymeric film
including features separating the first layer and the second
layer to form the first pathway. Such method further com-
prises sensing the negative pressure within the recessed
space through the second fluid pathway formed by the first
layer and the second layer including features separating the
first layer and the second layer to form the second pathway.
The features or closed cells within the first pathway and the
second pathway may prevent the pathways from collapsing
as a result of apposition forces generated by the application
ol negative pressure to the dressing interface or connector.
These features or closed cells may also prevent the negative
pressure or pressure sensing {from being blocked as a result
of external forces being applied to the dressing interface or
connector.

Objectives, advantages, and a preferred mode of making
and using the claimed subject matter may be understood best
by reference to the accompanying drawings in conjunction
with the {following detailed description of 1illustrative
embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a functional block diagram of an example
embodiment of a therapy system that can provide negative-
pressure and instillation 1n accordance with this specifica-
tion;
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4

FIG. 2 1s a schematic diagram of an example embodiment
ol the negative-pressure and instillation therapy system of
FIG. 1 for delivering negative pressure and treatment solu-
tions to a dressing at a tissue site;

FIG. 3 1s a segmented perspective bottom view of a first
dressing interface having a low profile structure that may be
associated with some example embodiments of the therapy
system of FIG. 1;

FIGS. 3A, 3B and 3C are cross-sectional views taken
along lines 3A-3A, 3B-3B, and 3C-3C 1n FIG. 3 of three
embodiments of the first dressing interface showing a first
and second layer of the first dressing interface including
different configurations of closed cells associated with the
first and/or second layers;

FIG. 4 1s a plan view of a first embodiment of one of the
first and second layers of the first dressing interface that
include closed cells formed from a web of polymeric film
that may be used as a component of the first dressing
interface of FIG. 3;

FIGS. 4A and 4B are cross-sectional views taken along
lines 4A-4A and 4B-4B i FIG. 4 of a first and second
embodiment of the closed cells;

FIG. 5 15 a plan view of a second embodiment of one of
the first and second layers of the second dressing interface
that include closed cells formed from a web of polymeric
film that may be used as a component of the first dressing
interface of FIG. 3;

FIGS. 5A and 5B are cross-sectional views taken along
lines SA-5A and 5B-5B i FIG. § of a first and second
embodiment of the closed cells;

FIG. 6 15 a plan view of a third embodiment of one of the
first and second layers of the third dressing interface that
include closed cells formed from a web of polymeric film
that may be used as a component of the third dressing
interface of FIG. 3;

FIGS. 6A and 6B are cross-sectional views taken along
lines 6 A-6A and 6B-6B in FIG. 6 of a first and second
embodiment of the closed cells;

FIG. 7 1s a schematic diagram of an example embodiment
of the negative-pressure portion of the therapy system of
FIG. 1 for delivering negative pressure to a dressing at a
tissue site mcluding a cover and the dressing interface of
shown 1n FIG. 3;

FIG. 8A 1s a segmented perspective bottom view of a
applicator of a second dressing interface having a low profile
structure that may be associated with some example embodi-
ments of the therapy system of FIG. 1;

FIG. 8B 1s a segmented perspective top view of an adapter
portion of the second dressing interface having a low profile
structure that may be associated with some example embodi-
ments of the therapy system of FIG. 1, 1.¢., the other end of
the second dressing interface shown 1 FIG. 8A;

FIG. 9 1s a perspective bottom view of the second dressing,
interface having a low profile structure that may be associ-
ated with some example embodiments of the therapy system
of FIG. 1 including the bottom view shown in FIG. 8A;

FIG. 10 1s a perspective assembly view of a third dressing,
interface having a low profile structure that may be associ-
ated with some example embodiments of the therapy system
of FIG. 1;

FIG. 11A 1s a segmented perspective bottom view of a
applicator of the third dressing interface of FIG. 10;

FIG. 11B 1s a segmented perspective top view ol an
adapter portion of the third dressing intertace of FIG. 10,
1.€., the other end of the third dressing interface;

FIG. 12 1s a plan view of a first embodiment of a bridge
of the third dressing interface of FIG. 10, 1.e., the bridge
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coupling the applicator and the adapter portion shown 1in
FIGS. 11A and 11B, respectively;

FIGS. 12A and 12B are cross-sectional views taken along
lines 12A-12A and 12B-12B 1n FIG. 12 of the first embodi-
ment of the bridge;

FIG. 13 1s a plan view of a second embodiment of a bridge
of the thurd dressing interface of FIG. 10, 1.e., the bridge
coupling the applicator and the adapter portion shown in
FIGS. 11A and 11B, respectively;

FIGS. 13A and 13B are cross-sectional views taken along,
lines 13A-13A and 13B-13B in FIG. 13 of the second
embodiment of the bridge;

FI1G. 14 1s a plan view of a second embodiment of a bridge
of the third dressing interface of FIG. 10, 1.e., the bridge
coupling the applicator and the adapter portion shown 1n
FIGS. 11A and 11B, respectively;

FI1G. 15 1s a graph illustrating tlow rates (L/min) of fluids
drawn through the third dressing interface of FIG. 10 that
vary as a result of the application of a flat compressive force
to the bridge of the third dressing interface;

FI1G. 16 1s a graph illustrating tlow rates (L/min) of fluids
drawn through the third dressing interface of FIG. 10 that
vary as a result of the application of a compressive force on
a horizontal point of the bridge of the third dressing inter-
face;

FIG. 17 1s a graph 1llustrating flow rates of fluids drawn
through the third dressing interface of FIG. 10 that vary as
a result of the application of a compressive force to the
applicator of the third dressing interface;

FIG. 18 1s a graph illustrating the flow rates of fluids
drawn through the third dressing interface of FIG. 10 that
vary as a result of the application of a compressive force to
the bridges of the third dressing interface;

FIG. 19 1s an exploded, perspective view of two rows of
the closed cells of a section of the second embodiment of the
bridge shown 1n FIG. 13A; and

FIGS. 20A and 20B 1s a perspective view of the top and
bottom of the third dressing interface shown i FIG. 10
including a moisture offloading layer and moisture evapo-
ration tabs that may be associated with some example
embodiments of the third dressing interface.

DESCRIPTION OF EXAMPLE EMBODIMENTS

The following description of example embodiments pro-
vides information that enables a person skilled 1n the art to
make and use the subject matter set forth in the appended
claims, but may omit certain details already well-known 1n
the art. The following detailed description 1s, therefore, to be
taken as illustrative and not limiting.

The example embodiments may also be described herein
with reference to spatial relationships between various ele-
ments or to the spatial orientation of various elements
depicted 1n the attached drawings. In general, such relation-
ships or orientation assume a frame of reference consistent
with or relative to a patient 1n a position to receive treatment.
However, as should be recognized by those skilled 1n the art,
this frame of reference 1s merely a descriptive expedient
rather than a strict prescription.

The term “tissue site” 1n this context broadly refers to a
wound, defect, or other treatment target located on or within
tissue, mcluding but not limited to, bone tissue, adipose
tissue, muscle tissue, neural tissue, dermal tissue, vascular
tissue, connective tissue, cartilage, tendons, or ligaments. A
wound may include chronic, acute, traumatic, subacute, and
dehisced wounds, partial-thickness burns, ulcers (such as
diabetic, pressure, or venous insutliciency ulcers), flaps, and
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grafts, for example. The term “tissue site” may also refer to
arcas ol any ftissue that are not necessarily wounded or
defective, but are instead areas 1n which 1t may be desirable
to add or promote the growth of additional tissue. For
example, negative pressure may be applied to a tissue site to
grow additional tissue that may be harvested and trans-
planted.

The present technology also provides negative pressure
therapy devices and systems, and methods of treatment
using such systems with antimicrobial solutions. FIG. 1 1s a
simplified functional block diagram of an example embodi-
ment of a therapy system 100 that can provide negative-
pressure therapy with instillation of treatment solutions in
accordance with this specification. FIG. 2 1s a schematic
diagram of an example embodiment of the negative-pressure
and 1nstillation therapy system of FIG. 1 for delivering
negative pressure and treatment solutions to a dressing at a
tissue site. The therapy system 100 may be packaged as a
single, integrated unit such as therapy system 101. The
therapy system 101 may be, for example, a V.A.C. Ulta™
System available from Kinetic Concepts, Inc. of San Anto-
nio, Tex.

The therapy system 100 may include a negative-pressure
supply, and may include or be configured to be coupled to
a distribution component, such as a dressing. In general, a
distribution component may refer to any complementary or
ancillary component configured to be fluidly coupled to a
negative-pressure supply between a negative-pressure sup-
ply and a tissue site. A distribution component 1s preferably
detachable, and may be disposable, reusable, or recyclable.
For example, a dressing 102 1s illustrative of a distribution
component fluidly coupled to a negative-pressure source 104
in FIG. 1. A dressing may include a cover, a tissue interface,
or both 1n some embodiments. The dressing 102, for
example, may include a cover 106, a dressing interface 107,
and a tissue interface 108. A computer or a controller device,
such as a controller 110, may also be coupled to the
negative-pressure source 104. In some embodiments, the
cover 106 may be configured to cover the tissue interface
108 and the tissue site, and may be adapted to seal the tissue
interface and create a therapeutic environment proximate to
a tissue site for maintaining a negative pressure at the tissue
site. In some embodiments, the dressing intertace 107 may
be configured to flmdly couple the negative-pressure source
104 to the therapeutic environment of the dressing. The
therapy system 100 may optionally include a fluid container,
such as a container 112, coupled to the dressing 102 and to
the negative-pressure source 104.

The therapy system 100 may also include a source of
instillation solution, such as a solution source 114. A distri-
bution component may be fluidly coupled to a fluid path
between a solution source and a tissue site 1n some embodi-
ments. For example, an mstillation pump 116 may be
coupled to the solution source 114, as illustrated i the
example embodiment of FIG. 1. The instillation pump 116
may also be fluidly coupled to the negative-pressure source
104 such as, for example, by a fluid conductor 119. In some
embodiments, the instillation pump 116 may be directly
coupled to the negative-pressure source 104, as illustrated 1n
FIG. 1, but may be indirectly coupled to the negative-
pressure source 104 through other distribution components
in some embodiments. For example, 1n some embodiments,
the instillation pump 116 may be fludly coupled to the
negative-pressure source 104 through the dressing 102. In
some embodiments, the instillation pump 116 and the nega-
tive-pressure source 104 may be fluidly coupled to two
different locations on the same tissue interface 108 by two
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different dressing interfaces. For example, the negative-
pressure source 104 may be fluidly coupled to the dressing
interface 107 at a first location, while the 1nstillation pump
116 may be fluidly to the coupled to dressing intertace 117
at a second location, e.g., dressing interface 207 and dress-
ing interface 217 as shown i FIG. 2.

The therapy system 100 also may include sensors to
measure operating parameters and provide feedback signals
to the controller 110 indicative of the operating parameters.
As 1llustrated 1n FIG. 1, for example, the therapy system 100
may include a pressure sensor 120 for measuring wound
pressure and/or sensor 124 for measuring other properties in
the therapy system 100 such as, for example, various pres-
sures, voltages and currents. The pressure sensor 120 and the
sensor 124 may be electrically coupled to the controller 110
for providing information to the therapy system 100. The
pressure sensor 120 may be flmdly coupled or configured to
be fluidly coupled to a distribution component such as, for
example, the negative-pressure source 104 either directly or
indirectly through the container 112. The pressure sensor
120 may be configured to measure pressure being generated
by the negative-pressure source 104, 1.¢., the pump pressure
(PP). The sensor 124 may be a sensor that 1s coupled to the
negative-pressure source 104 to measure the pump pressure
(PP). In some example embodiments, the sensor 124 may be
a sensor 1n fluild communication with the output of the
negative-pressure source 104 to directly measure the pump
pressure (PP). In other example embodiments, the sensor
124 may be a sensor electrically coupled to the negative-
pressure source 104 to measure the changes 1n the current in
order to determine the pump pressure (PP).

Distribution components may be fluidly coupled to each
other to provide a distribution system for transferring fluids
(1.e., liquid and/or gas). For example, a distribution system
may include various combinations of fluid conductors and
fittings to facilitate tluid coupling. A flmd conductor gener-
ally includes any structure with one or more lumina adapted
to convey a fluid between two ends, such as a tube, pipe,
hose, or conduit. Typically, a fluid conductor 1s an elongated,
cylindrical structure with some flexibility, but the geometry
and rigidity may vary. Some fluid conductors may be
molded into or otherwise integrally combined with other
components. A fitting can be used to mechamcally and
fluidly couple components to each other. For example, a
fitting may comprise a projection and an aperture. The
projection may be configured to be inserted into a fluid
conductor so that the aperture aligns with a lumen of the
fluid conductor. A valve 1s a type of fitting that can be used
to control fluid flow. For example, a check valve can be used
to substantially prevent return flow. A port 1s another
example of a {fitting. A port may also have a projection,
which may be threaded, tlared, tapered, barbed, or otherwise
configured to provide a fluid seal when coupled to a com-
ponent.

In some embodiments, distribution components may also
be coupled by virtue of physical proximity, being integral to
a single structure, or being formed from the same piece of
maternial. Coupling may also include mechanical, thermal,
clectrical, or chemical coupling (such as a chemical bond) 1n
some contexts. For example, a tube may mechanically and
fluidly couple the dressing 102 to the container 112 in some
embodiments. In general, components of the therapy system
100 may be coupled directly or indirectly. For example, the
negative-pressure source 104 may be directly coupled to the
controller 110, and may be indirectly coupled to the dressing
interface 107 through the container 112 by conduit 126 and
conduit 128. The pressure sensor 120 may be fluidly coupled
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to the dressing 102 directly or indirectly by conduit 121 and
conduit 122. Additionally, the 1nstillation pump 116 may be
coupled indirectly to the dressing interface 107 through the
solution source 114 and the 1nstillation regulator 115 by fluid
conductors 132, 134 and 138. Alternatively, the nstillation
pump 116 may be coupled indirectly to the second dressing

interface 117 through the solution source 114 and the
instillation regulator 115 by fluid conductors 132, 134 and

139.

The flmd mechanics of using a negative-pressure source
to reduce pressure 1n another component or location, such as
within a sealed therapeutic environment, can be mathemati-
cally complex. However, the basic principles of fluid
mechanics applicable to negative-pressure therapy and
instillation are generally well-known to those skilled 1n the
art, and the process of reducing pressure may be described
illustratively herein as “delivering,” “distributing,” or “gen-
crating” negative pressure, for example.

In general, exudates and other fluids flow toward lower
pressure along a fluid path. Thus, the term “downstream”™
typically implies something in a fluid path relatively closer
to a source of negative pressure or further away from a
source of positive pressure. Conversely, the term “upstream”
implies something relatively further away from a source of
negative pressure or closer to a source of positive pressure.
Similarly, 1t may be convenient to describe certain features
in terms of fluid “inlet” or “outlet” in such a frame of
reference. This orientation 1s generally presumed for pur-
poses of describing various features and components herein.
However, the fluid path may also be reversed in some
applications (such as by substituting a positive-pressure
source for a negative-pressure source) and this descriptive
convention should not be construed as a limiting convention.

“Negative pressure” generally refers to a pressure less
than a local ambient pressure, such as the ambient pressure
in a local environment external to a sealed therapeutic
environment provided by the dressing 102. In many cases,
the local ambient pressure may also be the atmospheric
pressure at which a tissue site 1s located. Alternatively, the
pressure may be less than a hydrostatic pressure associated
with tissue at the tissue site. Unless otherwise indicated,
values of pressure stated herein are gauge pressures. Simi-
larly, references to 1ncreases 1n negative pressure typically
refer to a decrease 1n absolute pressure, while decreases in
negative pressure typically refer to an increase in absolute
pressure. While the amount and nature of negative pressure
applied to a tissue site may vary according to therapeutic
requirements, the pressure 1s generally a low vacuum, also
commonly referred to as a rough vacuum, between —5 mm
Hg (-667 Pa) and -3500 mm Hg (-66.7 kPa). Common
therapeutic ranges are between —75 mm Hg (-9.9 kPa) and
-300 mm Hg (-39.9 kPa).

A negative-pressure supply, such as the negative-pressure
source 104, may be a reservoir of air at a negative pressure,
or may be a manual or electrically-powered device that can
reduce the pressure 1n a sealed volume, such as a vacuum
pump, a suction pump, a wall suction port available at many
healthcare facilities, or a micro-pump, for example. A nega-
tive-pressure supply may be housed within or used in
conjunction with other components, such as sensors, pro-
cessing units, alarm indicators, memory, databases, sofit-
ware, display devices, or user mterfaces that further facili-
tate therapy. For example, in some embodiments, the
negative-pressure source 104 may be combined with the
controller 110 and other components into a therapy unit. A
negative-pressure supply may also have one or more supply
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ports configured to facilitate coupling and de-coupling the
negative-pressure supply to one or more distribution com-
ponents.

The tissue interface 108 can be generally adapted to
contact a tissue site. The tissue interface 108 may be
partially or fully 1in contact with the tissue site. If the tissue
site 1s a wound, for example, the tissue interface 108 may
partially or completely {ill the wound, or may be placed over
the wound. The tissue interface 108 may take many forms,
and may have many sizes, shapes, or thicknesses depending
on a variety of factors, such as the type of treatment being
implemented or the nature and size of a tissue site. For
example, the size and shape of the tissue interface 108 may
be adapted to the contours of deep and iwrregular shaped
tissue sites. Moreover, any or all of the surfaces of the tissue
interface 108 may have projections or an uneven, course, or
1agged profile that can induce strains and stresses on a tissue
site, which can promote granulation at the tissue site.

In some embodiments, the tissue interface 108 may be a
manifold 140. A “manifold” in this context generally
includes any substance or structure providing a plurality of
pathways adapted to collect or distribute tluid across a tissue
site under pressure. For example, a manifold may be adapted
to receive negative pressure from a source and distribute
negative pressure through multiple apertures across a tissue
site, which may have the eflect of collecting flmd from
across a tissue site and drawing the fluid toward the source.
In some embodiments, the fluid path may be reversed or a
secondary fluid path may be provided to facilitate delivering
fluid across a tissue site.

In some illustrative embodiments, the pathways of a
manifold may be interconnected to improve distribution or
collection of fluids across a tissue site. In some 1llustrative
embodiments, a manifold may be a porous foam material
having interconnected cells or pores. For example, cellular
foam, open-cell foam, reticulated foam, porous tissue col-
lections, and other porous material such as gauze or felted
mat generally include pores, edges, and/or walls adapted to
form 1nterconnected fluid channels. Liquids, gels, and other
foams may also include or be cured to include apertures and
fluid pathways. In some embodiments, a manifold may
additionally or alternatively comprise projections that form
interconnected fluid pathways. For example, a manifold may
be molded to provide surtace projections that define inter-
connected fluid pathways.

The average pore size of a foam manifold may vary
according to needs of a prescribed therapy. For example, 1n
some embodiments, the tissue interface 108 may be a foam
manifold having pore sizes 1n a range of 400-600 microns.
The tensile strength of the tissue interface 108 may also vary
according to needs of a prescribed therapy. For example, the
tensile strength of a foam may be increased for instillation
of topical treatment solutions. In one non-limiting example,
the tissue interface 108 may be an open-cell, reticulated
polyurethane foam such as GranuFoam® dressing or Vera-
Flo® foam, both available from Kinetic Concepts, Inc. of
San Antonio, Tex.

The tissue interface 108 may be either hydrophobic or
hydrophilic. In an example in which the tissue mterface 108
may be hydrophilic, the tissue interface 108 may also wick
fluid away from a tissue site, while continuing to distribute
negative pressure to the tissue site. The wicking properties
of the tissue interface 108 may draw tluid away from a tissue
site by capillary flow or other wicking mechanisms. An
example ol a hydrophilic foam 1s a polyvinyl alcohol,
open-cell foam such as V.A.C. WhiteFoam® dressing avail-
able from Kinetic Concepts, Inc. of San Antonio, Tex. Other
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hydrophilic foams may include those made from polyether.
Other foams that may exhibit hydrophilic characteristics
include hydrophobic foams that have been treated or coated
to provide hydrophilicity.

The tissue 1nterface 108 may further promote granulation
at a tissue site when pressure within the sealed therapeutic
environment 1s reduced. For example, any or all of the
surfaces of the tissue interface 108 may have an uneven,
coarse, or jagged profile that can induce microstrains and
stresses at a tissue site il negative pressure 1s applied through
the tissue intertace 108.

In some embodiments, the tissue interface 108 may be
constructed from bioresorbable materials. Suitable biore-
sorbable materials may include, without limitation, a poly-
meric blend of polylactic acid (PLA) and polyglycolic acid
(PGA). The polymeric blend may also include without
limitation polycarbonates, polyfumarates, and capralac-
tones. The tissue interface 108 may further serve as a
scallold for new cell-growth, or a scaflold material may be
used 1 conjunction with the tissue interface 108 to promote
cell-growth. A scaflold 1s generally a substance or structure
used to enhance or promote the growth of cells or formation
of tissue, such as a three-dimensional porous structure that
provides a template for cell growth. Illustrative examples of
scallold materials include calcium phosphate, collagen,
PLA/PGA, coral hydroxy apatites, carbonates, or processed
allograit matenals.

In some embodiments, the cover 106 may provide a
bactenial barrier and protection from physical trauma. The
cover 106 may also be constructed from a maternal that can
reduce evaporative losses and provide a fluid seal between
two components or two environments, such as between a
therapeutic environment and a local external environment.
The cover 106 may be, for example, an elastomeric film or
membrane that can provide a seal adequate to maintain a
negative pressure at a tissue site for a given negative-
pressure source. The cover 106 may have a high moisture-
vapor transmission rate (MVTR) in some applications. For
example, the MVTR may be at least 300 g/m 2 per twenty-
four hours 1n some embodiments. In some example embodi-
ments, the cover 106 may be a polymer drape, such as a
polyurethane film, that 1s permeable to water vapor but
impermeable to liquid. Such drapes typically have a thick-
ness 1n the range of 25-50 microns. For permeable materials,
the permeability generally should be low enough that a
desired negative pressure may be maintained.

An attachment device, such as an attachment device 142,
may be used to attach the cover 106 to an attachment
surface, such as undamaged epidermis, a gasket, or another
cover. The attachment device may take many forms. For
example, an attachment device may be a medically-accept-
able, pressure-sensitive adhesive that extends about a
periphery, a portion, or an entire sealing member. In some
embodiments, for example, some or all of the cover 106 may
be coated with an acrylic adhesive having a coating weight
between 25-65 grams per square meter (g.s.m.). Thicker
adhesives, or combinations of adhesives, may be applied 1n
some embodiments to improve the seal and reduce leaks.
Other example embodiments of an attachment device may
include a double-sided tape, paste, hydrocolloid, hydrogel,
silicone gel, or organogel.

In some embodiments, a dressing interface may facilitate
coupling the negative-pressure source 104 to the dressing
102. The negative pressure provided by the negative-pres-
sure source 104 may be delivered through the conduit 128 to
a negative-pressure connector that in some embodiments
may include an elbow connector (not shown) having a first
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end adapted to be positioned 1n fluud communication with
the manifold 140 and a second end extending at a substan-
tially right angle from the first end adapted to be fluidly
coupled to the conduit 128. In some embodiments, the elbow
connector may be substantially rigid. In yet another example
embodiment, the negative-pressure interface may be semi-

rigid such as, for example, a TR.A.C.® Pad or Sensa
T.R.A.C.® Pad available from KCI of San Antonio, Tex. The
negative-pressure interface delivers negative pressure within
an interior portion of the cover 106 and the manifold 140.

A controller, such as the controller 110, may be a micro-
processor or computer programmed to operate one or more
components of the therapy system 100, such as the negative-
pressure source 104. In some embodiments, for example, the
controller 110 may be a microcontroller, which generally
comprises an integrated circuit containing a processor core
and a memory programmed to control one or more operating
parameters of the therapy system 100. Operating parameters
may include, for example, the power applied to the negative-
pressure source 104, the pressure generated by the negative-
pressure source 104, or the pressure distributed to the tissue
interface 108. The controller 110 1s also preferably config-
ured to receive one or more input signals and programmed
to modily one or more operating parameters based on the
input signals.

Sensors, such as the pressure sensor 120 or the sensor 124,
are generally known 1n the art as any apparatus operable to
detect or measure a physical phenomenon or property, and
generally provide a signal indicative of the phenomenon or
property that 1s detected or measured. For example, the
pressure sensor 120 and the sensor 124 may be configured
to measure one or more operating parameters of the therapy
system 100. In some embodiments, the pressure sensor 120
may be a transducer configured to measure pressure in a
pneumatic pathway and convert the measurement to a signal
indicative of the pressure measured. In some embodiments,
for example, the pressure sensor 120 may be a piezoresistive
strain gauge. The sensor 124 may optionally be a sensor to
measure operating parameters of the negative-pressure
source 104, such as the voltage or current, 1n some embodi-
ments. Preferably, the signals from the pressure sensor 120
and the sensor 124 are suitable as an input signal to the
controller 110, but some signal conditioning may be appro-
priate 1n some embodiments. For example, the signal may
need to be filtered or amplified before 1t can be processed by
the controller 110. Typically, the signal 1s an electrical signal
that 1s transmitted and/or received on by wire or wireless
means, but may be represented 1n other forms, such as an
optical signal.

The solution source 114 1s representative of a container,
canister, pouch, bag, or other storage component, which can
provide a solution for instillation therapy. Compositions of
solutions may vary according to a prescribed therapy, but
examples of solutions that may be suitable for some pre-
scriptions 1nclude hypochlorite-based solutions, silver
nitrate (0.5%), sulfur-based solutions, biguanides, cationic
solutions, and 1sotonic solutions. Examples of such other
therapeutic solutions that may be suitable for some prescrip-
tions 1include hypochlorite-based solutions, silver nitrate
(0.5%), sulfur-based solutions, biguanides, cationic solu-
tions, and 1sotonic solutions. In one illustrative embodiment,
the solutlon source 114 may include a storage component for
the solution and a separate cassette for holding the storage
component and delivering the solution to the tissue site 150,
such as a V.A.C. VeraLink™ Cassette available from Kinetic
Concepts, Inc. of San Antonio, Tex.
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The container 112 may also be representative of a con-
tainer, canister, pouch, or other storage component, which
can be used to collect and manage exudates and other fluids
withdrawn from a tissue site. In many environments, a rigid
container such as, for example, a container 162, may be
preferred or required for collecting, storing, and disposing of
fluids. In other environments, fluids may be properly dis-
posed of without rigid container storage, and a re-usable
container could reduce waste and costs associated with
negative-pressure therapy. In some embodiments, the con-
tamer 112 may comprise a camster having a collection
chamber, a first inlet fluidly coupled to the collection cham-
ber and a first outlet fluidly coupled to the collection
chamber and adapted to receive negative pressure from a
source ol negative pressure. In some embodiments, a first
fluid conductor may comprise a first member such as, for
example, the conduit 128 fluidly coupled between the first
inlet and the tissue interface 108 by the negative-pressure
interface, and a second member such as, for example, the
conduit 126 fluidly coupled between the first outlet and a
source of negative pressure whereby the first conductor 1s
adapted to provide negative pressure within the collection
chamber to the tissue site.

The therapy system 100 may also comprise a flow regu-
lator such as, for example, a regulator 118 flumidly coupled to
a source of ambient air to provide a controlled or managed
flow of ambient air to the sealed therapeutic environment
provided by the dressing 102 and ultimately the tissue site.
In some embodiments, the regulator 118 may control the
flow of ambient fluid to purge fluids and exudates from the
sealed therapeutic environment. In some embodiments, the
regulator 118 may be fluidly coupled to the tissue interface
108 through the dressing interface 107. The regulator 118
may be configured to fluidly couple the tissue interface 108
to a source ol ambient air as indicated by a dashed arrow. In
some embodiments, the regulator 118 may be disposed
within the therapy system 100 rather than being proximate
to the dressing 102 so that the air flowing through the
regulator 118 1s less susceptible to accidental blockage
during use. In such embodiments, the regulator 118 may be
positioned proximate the container 112 and/or proximate a
source ol ambient air where the regulator 118 1s less likely
to be blocked during usage.

In operation, the tissue interface 108 may be placed
within, over, on, or otherwise proximate a tissue site, such
as tissue site 150. The cover 106 may be placed over the
tissue intertace 108 and sealed to an attachment surface near
the tissue site 150. For example, the cover 106 may be sealed
to undamaged epidermis peripheral to a tissue site. Thus, the
dressing 102 can provide a sealed therapeutic environment
proximate to a tissue site, substantially 1solated from the
external environment, and the negative-pressure source 104
can reduce the pressure 1n the sealed therapeutic environ-
ment. Negative pressure applied across the tissue site
through the tissue interface 108 in the sealed therapeutic
environment can induce macrostrain and microstrain 1n the
tissue site, as well as remove exudates and other fluids from
the tissue site, which can be collected 1n container 112.

As discussed above, the tissue site 150 may include,
without limitation, any irregularity with a tissue, such as an
open wound, surgical incision, or diseased tissue. The
therapy system 100 1s presented 1n the context of a tissue site
that includes a wound 152, which 1s through the epidermais
154, or generally skin, and the dermis 156 and reaching into
a hypodermis, or subcutaneous tissue 158. The therapy
system 100 may be used to treat a wound of any depth, as
well as many different types of wounds including open
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wounds, i1ncisions, or other tissue sites. The tissue site 150
may be the bodily tissue of any human, animal, or other
organism, including bone tissue, adipose tissue, muscle
tissue, dermal tissue, vascular tissue, connective tissue,
cartilage, tendons, ligaments, or any other tissue. Treatment
of the tissue site 150 may include removal of fluids origi-
nating from the tissue site 150, such as exudates or ascites,
or tluids nstilled into the dressing to cleanse or treat the
tissue site 150, such as antimicrobial solutions.

When applying negative pressure to the tissue site 1350,
the dressing interface 107 may include an elbow connector
(not shown) as the negative-pressure interface which may be
fluidly coupled to the conduit 128 for delivering the negative
pressure to the tissue site 150 as described above. In some
embodiments, a rigid elbow connector may be utilized so
that 1t does not collapse when delivering the negative
pressure and less likely to become included. However, a
rigid elbow connector may be uncomiortable for a patient 11
the patient accidentally rolls over on the connector or 1f the
tissue site 150 1s located underneath the patient. What 1s
needed 1s a low profile, flexible dressing interface that
collapsing from external forces so that the negative pressure
continues to be provided to the tissue site and measured by
the pressure sensor without interrupting the intended therapy
for the patient or making the patient uncomiortable. The
systems, apparatuses, and methods described herein include
improvements that overcome the disadvantages associated
with a rigid elbow connector and provide other significant
advantages as described below. For example, the negative
pressure interface may include a dressing interface 207
substantially similar to the dressing interface 107 described
above that 1s substantially flat and flexible, but also com-
pressible without including or blocking the flmd pathway
between the conduit 128 and the mamifold 140. In some
embodiments, the dressing interface 207 comprises an appli-
cator 208 adapted to be positioned in fluid communication
with the manifold 140 and a bridge 209 fluidly coupled to
the applicator 208 and extending to an adapter 210. The
adapter 210 may be configured to fluidly couple the sub-
stantially flat bridge 209 to the conduit 128 that 1s tubular 1n
shape.

Referring now to FIG. 3, a segmented perspective bottom
view ol a dressing interface 307 having a low profile
structure that may be associated with some example embodi-
ments of the therapy systems of FIGS. 1 and 3 1s shown, with
turther reference to FIG. 3A that 1s a cross-sectional view
taken along line 3A-3A 1n FIG. 3. Functionally, the dressing,
intertace 307 1s substantially similar to the dressing interface
107 as described above. The dressing interface 307 may
comprise an applicator 308 and a bridge 309 fluidly coupled
to the applicator 308. The applicator 308 may be bulbous or
any shape suitable for applying therapy to the manifold 140
and depending on the size and nature of the tissue site 150.
The bridge 309 of the dressing mtertace 307 may be long
and narrow and adapted to be fluidly coupled to a tube or
conduit 310 by an adapter 312 for delivering and sensing
negative pressure. In one example embodiment, the conduit
310 may comprise the conduit 128 for delivering negative
pressure to the dressing interface 307 and the conduit 122 for
sensing negative pressure at the tissue interface 108. For
example, the conduit 310 may comprise a central lumen 328
for delivering negative pressure to the dressing interface 307
and peripheral lumens 322 for sensing negative pressure at
the tissue interface 108. The other end of the conduit 310
may be fluidly coupled to the negative-pressure source 104
and the pressure sensor 120 either directly or indirectly
through the canister 112 as described above in more detail.
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In some example embodiments, the applicator 308 and the
bridge 309 of the dressing interface 307 may comprise a top
layer such as, for example, a first layer 331, and a base layer
such as, for example, a second layer 332, coupled to the first
layer 331 around the periphery of the first layer 331 to form
a sealed space within the dressing interface 307. Thus, the
sealed space may be formed between the first layer 331 and
the second layer 332 of both the applicator 308 and the
bridge 309 of the dressing interface 307. The first layer 331
and the second layer 332 may both be formed from or
include a polymeric film. The first layer 331 and the second
layer 332 may be coupled around the periphery of the
dressing intertace 307 to form the sealed space by welding
(RF or ultrasonic), heat sealing, or adhesive bonding such as,
for example, acrvlics or cured adhesives. For example, the
first layer 331 and the second layer 332 may be welded
together around the periphery of the dressing interface 307,
and may form a flange 339 around the periphery of the
dressing 1nterface 307 as a result of the weld. One skilled 1n
the art would understand that there are a varniety of methods
for coupling the first layer 331 and the second layer 332 to
form the sealed space within the dressing interface 307.

The dressing interface 307 may further comprise at least
one barrier or wall such as, for example, a first wall 335,
coupled between the first layer 331 and the second layer 332.
In some embodiments, the first wall 335 may extend from
the end of the bridge 309 adjacent the adapter 312 into the
applicator 308 to form at least two sealed spaces or tluid
pathways between the first layer 331 and the second layer
332 within the dressing interface 307. In another example
embodiment, the dressing interface 307 may further com-
prise a second barrier such as, for example, a second wall
337, coupled between the first layer 331 and the second layer
332. In some embodiments, the second wall 337 also may
extend from the end of the bridge 309 adjacent the adapter
312 1nto the applicator 308. In some example embodiments,
the wall 335 and the wall 337 may comprise a polymeric
film coupled between the first layer 331 and the second layer
332. In some other example embodiments, the wall 335 and
the wall 337 may comprise a weld (RF or ultrasonic), a heat
seal, an adhesive bond, or a combination of any of the
foregoing. In those embodiments comprising two walls, e.g.,
the first wall 335 and the second wall 337, such embodi-
ments may form three sealed spaces or fluid pathways within
the sealed space between the first layer 331 and the second
layer 332. In some embodiments, two of the fluid pathways
may be dedicated to measuring pressure such as, for
example, pressure sensing pathways 334 and 338 (as 1ndi-
cated by the dashed line arrows), leaving one of the fluid
pathways to be utilized for providing negative pressure such
as, for example, negative pressure pathway 336 (as indicated
by the dashed line arrows).

In some example embodiments, the fluid pathways 334,
336 and 338 may be fluidly coupled to the conduit 310 by
the adapter 312. For example, the negative pressure pathway
336 may be fluidly coupled to the central lumen 328 so that
the negative pressure pathway 336 functions to deliver
negative pressure to the tissue mterface 108. The pressure
sensing pathways 334 and 338 may be fluidly coupled to the
peripheral lumens 322 so that the pressure sensing pathways
334 and 338 function to sense negative pressure at the tissue
interface 108. Each of the pressure sensing pathways 334
and 338 may be fluidly coupled directly to the peripheral
lumens 322. In other embodiments, both of the sensing
pathways 334 and 338 may be fluidly coupled to a single
space within the adapter 312 that 1s also fluidly coupled to
the peripheral lumens 322. In some example embodiments,
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the other end of the fluid pathways 334, 336 and 338 may
terminate within the applicator 308 of the dressing interface
307 and be fluidly coupled to each other within the appli-
cator 308 for delivering and sensing the negative pressure
associated with the tissue interface 108.

The applicator 308 of the dressing interface 307 may
comprise an opening or aperture 342 1n the second layer 332
the applicator 308 adapted to fluidly couple the sealed space
of the dressing interface 307 to the tissue interface 108. The
aperture 342 along with the first layer 331 and second layer
332 portions of the applicator 308 may define a recessed
space 344 within the sealed space of the applicator 308,
wherein the recessed space 344 1s adapted to be in fluid
communication with the tissue interface 108 when disposed
over the tissue site. That portion of the recessed space 344
covered by the second layer 332 of the applicator 308 may
be referred to as a covered space 345. In some example
embodiments, the walls 335 and 337 may extend only
partially into the recessed space 344 so that the end of the
walls 335 and 337 are exposed by the aperture 342 as shown
in FIG. 3. In this embodiment, the pressure sensing path-
ways 334 and 338 are in fluild communication with the
recessed space 344. The negative pressure pathway 336 1s
also 1n tluid communication with the recessed space 344 and
1s adapted to deliver negative pressure to the tissue interface
108 through the recessed space 344, while the pressure
sensing pathways 334 and 338 are adapted to sense the
pressure within the sealed environment. In some example
embodiments, the walls 335 and 337 may extend beyond the
aperture 342 (not shown) so that less of the pressure sensing
pathways 334 and 338 are being exposed to the negative
pressure being delivered to the tissue interface 108 by the
negative pressure pathway 336 to avoid inclusions and/or
blockages by fluids from the tissue site 1.

The dressing interface 307 may further comprise a plu-
rality of features such as, for example, flexible projections,
flexible standofls, or closed cells such as, for example,
closed cells 340 described 1n more detail below, having a
bottom portion extending from the first layer 331 and a top
portion extending within the sealed spaces toward the sec-
ond layer 332 outside the recessed space 344. Within the
recessed space 344, the top portion of the closed cells 340
extending from the first layer 331 may extend toward the
tissue interface 108 and may be adapted to come in direct
contact with the tissue interface 108 when the dressing
intertace 307 applies negative pressure to the tissue site. The
teatures and the closed cells 340 provide a cushion to help
prevent the sealed spaces of the dressing interface 307 from
collapsing as a result of external forces as described above.
In some example embodiments, the top portion of the closed
cells 340 may come in contact with the second layer 332,
and 1n some other example embodiments, the top portion of
the closed cells 340 may be coupled to the second layer 332.
In some example embodiments, the closed cells 340 may be
disposed 1n the applicator 308 of the dressing interface 307,
but not in the bridge 309 of the dressing interface 307 which
may contain, for example, a fabric matenal instead of the
closed cells 340. In some example embodiments, the fea-
tures they comprise projections or nodes (not shown) having
a flexibility similar to the closed cells 340.

The dressing interface 307 may also comprise an aflix-
ation surface 346 surrounding the aperture 342 in the
applicator 308 of the second layer 332 that can be used to
couple the dressing interface 307 to the tissue site. In some
embodiments, a top drape (not shown) may be utilized to
cover the applicator 308 of the dressing interface 307 to
provide additional protection and support over the applicator
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308 when the dressing intertace 307 1s applied to the tissue
site. In some embodiments, the top drape may also be
utilized to cover any adhesive that might be exposed from
applying the dressing intertace 307 to the tissue site. In some
embodiments, the top drape may be similar to the cover 106
described above and, as such, may be a polymer such as a
polyurethane film.

As indicated above with respect to the recessed space 344,
the top portion of the closed cells 340 extend from the first
layer 331 toward the tissue interface 108 through the aper-
ture 342 of the second layer 332 and may be adapted to come
in direct contact with the tissue interface 108. However, 1n
the sealed spaces outside the recessed space 344, the dress-
ing interface 307 may further comprise a plurality of fea-
tures or closed cells having a bottom portion extending from
the second layer 332 and a top portion extending within the
sealed spaces toward the first layer 331. Referring for
example to FI1G. 3B, a cross-sectional view taken along line
3B-3B 1n FIG. 3 to show another possible example embodi-
ment of the dressing interface 307 that comprises a plurality
of features or closed cells 350 having a bottom portion
extending from the second layer 332 and a top portion
extending within the sealed spaces outside the recessed
space 344 toward the first layer 331. However, within the
recessed space 344, the top portions of the closed cells 340
still extend from the first layer 331 into the recessed space
344. Relerring for example to FIG. 3C, a cross-sectional
view taken along line 3C-3C 1n FIG. 3 to show yet another
possible example embodiment of the dressing interface 307
that comprises both a plurality of closed cells 340 and a
plurality of closed cells 350 extending from the first layer
331 and the second layer 332, respectively, within the sealed
spaces outside the recessed space 344 toward the second
layer 332 and the first layer 331, respectively. Again how-
ever, within the recessed space 344, the top portions of the
closed cells 340 still extend from the first layer 331 into the
recessed space 344.

In some example embodiments, the first layer 331 and the
second layer 332, including the closed cells 340 and the
closed cells 350 respectively, may be formed from a non-
porous, polymeric film that may comprise any flexible
material that can be manipulated to enclose closed cells,
including various thermoplastic maternials, e.g., polyethylene
homopolymer or copolymer, polypropylene homopolymer
or copolymer, etc. Non-limiting examples of suitable ther-
moplastic polymers include polyethylene homopolymers,
such as low density polyethylene (LDPE) and high density
polyethylene (HDPE), and polyethylene copolymers such
as, e.g., ionomers, EVA, EMA, heterogenecous (Zeigler-
Natta catalyzed) ethylene/alpha-olefin copolymers, and
homogeneous (metallocene, single-cite catalyzed) ethylene/
alpha-olefin copolymers. Ethylene/alpha-olefin copolymers
are copolymers of ethylene with one or more comonomers
selected from C, to C,, alpha-olefins, such as 1-butene,
1 -pentene, 1-hexene, 1-octene, methyl pentene and the like,
in which the polymer molecules comprise long chains with
relatively few side chain branches, including linear low
density polyethylene (LLDPE), linear medium density poly-
cthylene (LMDPE), very low density polyethylene
(VLDPE), and ultra-low density polyethylene (ULDPE).
Various other materials are also suitable such as, e.g.,
polypropylene homopolymer or polypropylene copolymer
(e.g., propylene/ethylene copolymer), polyesters, polysty-
renes, polyamides, polycarbonates, efc.

In some example embodiments, the first layer 331 and the
second layer 332, including the closed cells 340 and the
closed cells 350 respectively, may comprise a polymeric film
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such as, for example, a thermoplastic polyurethane (TPU)
film that 1s permeable to water vapor but impermeable to
liquad. The first layer 331 and the second layer 332 may be
in various degrees breathable and may have MV'TRs which
are proportional to their thickness. For example, the MVTR
may be at least 300 g/m” per twenty-four hours in some
embodiments. For permeable materials, the permeability
generally should be low enough to maintain a desired
negative pressure for the desired negative therapy treatment.

In some example embodiments, the layer having the
closed cells may be formed from two sheets of polymeric
film having inner surfaces coupled together to form sealed
regions defimng the plurality of closed cells. When the
dressing interface 307 1s positioned at the tissue site and
negative pressure 1s applied as described above, the closed
cells formed by the polymeric film are structured so that they
do not completely collapse from apposition forces resulting
from the application ol negative pressure and/or external
forces to the dressing interface 307 and the tissue site. The
two sheets of polymeric film may be a single sheet of
material having two laminae or two separate sheets that are
coupled together to form the closed cells. The sheets of
polymeric film may initially be separate sheets that are
brought 1into superposition and sealed or they may be formed
by folding a single sheet unto 1tself with a heat sealable
surface facing inward. Each sheet of the polymeric film also
may be a monolayer or multilayer structure depending on
the application or the desired structure of the closed cells.

As 1indicated above, 1t 1s desirable that the closed cells
formed by the polymeric film are resistant to collapsing from
the negative pressure when applied to the dressing interface
307 and the tissue site. In one embodiment, the polymeric
f1lm possesses suilicient tensile strength to resist stretching
under the apposition forces created by negative pressure
wound therapy. The tensile strength of a material 1s the
ability of matenial to resist stretching as represented by a
stress-strain curve where stress 1s the force per unit area, 1.€.,
pascals (Pa), newtons per square meter (N/m~), or pounds
per square inch (psi1). The ultimate tensile strength (UTS) 1s
the maximum stress the material can withstand while being
stretched before failing or breaking. Many materials display
a linear elastic behavior defined by a linear stress-strain
relationship often extending up to a nonlinear region repre-
sented by the yield point, 1.e., the yield strength of a material.
For example, high density polyethylene (HDPE) has a high
tensile strength and low-density polyethylene (LDPE) has a
slightly lower tensile strength, which are suitable matenals
for the sheets of non-porous, polymeric film as set forth
above. Linear low density polyethylene (LLDPE) 1s often
used as well because the material stretches very little as the
force 1s increased up to the yield point of the material. Thus,
the closed cells are able to resist collapsing (or stretching)
when subjected to an external force or pressure. For
example, HDPE has a UTS of about 37 MPa and may have
a yield strength that ranges from about 26-33 MPa depend-
ing on the thickness of the material, while LDPE has
somewhat lower values.

In some example embodiments, the first layer 331 and the
second layer 332, including the closed cells 340 and the
closed cells 350 respectively, may comprise a thermoplastic
polyurethane (TPU) film as described above. The thermo-
plastic polyurethane film may be, for example, a Platilon®
thermoplastic polyurethane film available from Convestro
LLC, that may have a UTS of about 60 MPa and may have
a yield strength of approximately 11 MPa or greater than
about 10 MPa depending on the thickness of the material.
Therefore, 1n some example embodiments, 1t 1s desirable
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that the non-porous, polymeric film may have a vield
strength greater than about 10 MPa depending on the type
and thickness of material. A material having a lower yield
strength may be too stretchable and, therefore, more sus-
ceptible to breaking with the application of small amounts of
compression and/or apposition forces.

FIG. 4 1s a plan view of a first embodiment of one of the
first and second layers of the first dressing interface that
include closed cells formed from a web of polymeric film
that may be used as a component of the first dressing
interface of FIG. 3. More specifically, FIG. 4 shows one
example embodiment of either one of the first layer 331 and
the second layer 332, whichever one has the closed cells 340
or 350, 1.e., layer 400. In some example embodiments, the
layer 400 may comprise two sheets of polymeric film, 1.e.,
sheet 402 and sheet 403. A portion of each of the sheets 402
and 403 may have iner surfaces coupled to each other to
form a sealed region 406 that defines a plurality of closed
cells 404 1n the remaining portion of the sheets 402 and 403.
The closed cells 404 and the sealed region 406 may be
formed from a process such as, for example, vacuum form-
ing. In some embodiments, the sealed region 406 may be
formed by a heat seal between the inner surfaces of the
sheets 402 and 403, while the closed cells 404 may be
formed simultaneously by vacuum forming. In another
example embodiment, the sealed region 406 may be formed
by adhesion between the sheets 402 and 403. Alternatively,
sheets 402 and 403 may be adhesively bonded to each other.
The sealed region 406 may be flexible enough so that the
dressing interface 307 1s sufliciently flexible to conform to
the shape the tissue site. The sealed region 406 may be
sufliciently flexible or sized so that the dressing interface
307 may be folded to conform to the tissue site to provide
optimal negative pressure to the tissue site.

In some example embodiments, the closed cells 404 may
be substantially airtight to inhibit collapsing of the closed
cells 404 from the application of negative pressure which
could block the flow of fluid through the dressing interface
307 as described above. The closed cells 404 may be
substantially airtight when formed and have an internal
pressure that 1s an ambient pressure. In another example
embodiment, the closed cells 404 may be iflated with air or
other suitable gases such as, for example, carbon dioxide or
nitrogen. The closed cells 404 may be inflated to have an
internal pressure greater than the atmospheric pressure to
maintain their shape and resistance to collapsing under
pressure and external forces. For example, the closed cells
404 may be intlated to a pressure up to about 25 ps1 above
the atmospheric pressure so that they do not collapse as
described above.

The polyurethane film may have a thickness within a
range of 400 to 600 microns. In some example embodi-
ments, the first layer 33 land the second layer 332, including
the closed cells 340 and the closed cells 350 respectively,
may be formed from thermoplastic polyurethane film having
a thickness of 500 microns. In some example embodiments,
the individual sheets 402 and 403, prior to fabricating either
one of the first layer 331 or the second layer 332, may each
have a thickness of about 200 um to about 600 um. In some
embodiments, the individual sheets 402 and 403 may each
have a thickness of about 250 um. In some other embodi-
ments, the individual sheets 402 and 403 may each have a
thickness of about 500 um. In some embodiments, the
thickness of the layer that does not have closed cells may be
up to 50% thinner than the thickness of the layer that that
includes the closed cells. For example, referring to FIG. 3A,
the thickness of the second layer 332 without any closed
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cells may be up to 50% thinner than the thickness of the first
layer 331 that has the closed cells 340. After the layers have
been fabricated, the sealed region 406 may have a thickness
between about 800 um and about 1200 um. If the fabrication
process comprises injection molding, the closed cells 404
may have a thickness between about 400 um and about 500
um. However, 11 the closed cells 404 are fabricated by
drawing the polyurethane film to form the closed cells 404,
the top portion of the closed cells 404 may have a thickness

as thin as 50 um.
After the closed cells 404 have been fabricated, the walls

of the closed cells 404 may have a thickness relative to the
thickness of the individual sheets 402 and 403 as defined by
a draw ratio, 1.e., the ratio of the average height of the closed

cells 404 to the average thickness of the sheets 402 and 403.

In some example embodiments, the closed cells 404 may
have a generally tubular shape as described above that may
have been formed from the sheets 402 and 403 having
various thicknesses and draw ratios. In some example
embodiments, the sheets 402 and 403 may have an average
thickness of 500 um and the closed cells 404 may have an
average height 1 a range between about 2.0 mm and 5.0
mm. Consequently, the closed cells 404 have a draw ratio
ranging from about 4:1 to about 10:1 for heights of 2.0 and
5.0 mm, respectively. In another example embodiment, the
draw ratio may range from about 5:1 to about 13:1 where the
thickness of the sheets 402 and 403 1s an average of about
400 um. In yet another example embodiment, the draw ratio
may range from about 3:1 to about 9:1 where the thickness
of the sheets 402 and 403 15 an average of about 600 um. In
some embodiments, the closed cells 404 may have an
average height 1n a range between about 1.0 mm and 4.0 mm
depending on the thickness of the sheets 402 and 403. The
sheets 402 and 403 may each have the same or different
thicknesses and flexibilities, but are substantially non-
stretchable as described above so that the closed cells 404
maintain a generally constant volume without bursting after
a compression force 1s applied to the dressing interface 307
or negative pressure 1s applied to the dressing intertace 307
and the tissue site. Consequently, even when a load 1s
applied to the dressing interface 307 which squeezes the
closed cells 404 1nto a different shape, the closed cells 404
are sufliciently flexible to recover their original shape after
being squeezed without bursting.

The sealed region 406 may define the base or the cross-
sectional shape of the closed cells 404 as being generally
circular as shown, but 1n other embodiments may define the
base as being a rectangular or triangular shape, hexagonal,
or other geometric or an irregular shape. The closed cells
404 may be formed with a volumetric shape corresponding
to the cross-sectional shape of the closed cells 404. For
example, the volumetric shape may be generally hemi-
spherical 1n shape as shown. In other example embodiments,
the closed cells 404 may be formed with a volumetric shape
that 1s generally conical, cylindrical, tubular having a flat-
tened or hemispherical end, or geodesic shape. These volu-
metric shapes may be formed 1n either one of the sheets 402
and 403 such as the tubular shape of the closed cells 404
shown 1 FIG. 4A. The closed cells 404 may be tubular
shapes formed with generally parallel walls extending from
the sealed region 416 to a hemispherical or flat top portion
of the closed cells 404. Alternatively, the walls of the closed
cells 404 may taper or expand outwardly from the sealed
region 416 to the top portion so that the diameter of the top
portion of the closed cells 404 1s larger than at the base of

the closed cells 404.
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In some embodiments, the closed cells 404 that are
generally hemispherical or tubular 1n shape may have a
diameter between about 1.0 mm and about 10 mm. In some
other embodiments, the closed cells 404 may have a diam-
eter between about 2.0 mm and about 5.0 mm. In some
embodiments, the closed cells 404 also may have a pitch,
1.e., the center to center distance between each of the closed
cells 404, between about 1 mm and 10 mm. In some other
embodiments, the closed cells 404 may also have a pitch
between about 2 mm and about 3 mm. Because the sealed
region 406 defines the base of the closed cells 404 including
the diameter of a circular base and the pitch of closed cells
404, the surface area of the layer 400 covered by the closed
cells 404 may also be determined as a percentage, 1.e., the
cell coverage percentage. In one example embodiment
wherein the diameter of the closed cells 404 1s about 1.0 mm
and the pitch 1s about 2.0 mm, the cell coverage percentage
1s about 22% of the surface area of the layer 400. In another
example embodiment wherein the diameter of the closed
cells 404 1s about 2.0 mm and the pitch i1s about 5.0 mm, the
cell coverage percentage 1s about 14% of the surface area of
the layer 400. In yet another example embodiment wherein
the diameter of the closed cells 404 1s about 1.5 mm, the
pitch 1s about 2.0 mm, and the closed cells 404 are more
tightly arranged such that there are about 28.5 cells 1n a 10
mm* section of the layer 400, the cell coverage percentage
1s about 51% of the surface area of the layer 400. Depending
on the diameter, pitch, and arrangement of the closed cells
404, the cell coverage percentage may range between about
10% and about 60% of the surface area of either one of the
layers having the closed cells such as layer 400. Closed cells
404 having other base shapes or volumetric shapes also may
have a cell coverage percentage 1n generally the same range.

When the dressing interface 307 1s disposed at the tissue
site, a portion of the closed cells 340 may extend through the
recessed space 344 and the aperture 342 of the dressing
interface 307 to contact the tissue interface 108 as described
above. A portion of those closed cells 340 extending through
the recessed space 344 may be textured with surface fea-
tures, which may be protrusions or indentations, to enhance
fluid flow through the dressing interface 307 to the tissue
interface 108 and the tissue site. In one exemplary embodi-
ment as shown in FIG. 4B, closed cells 414 may be
embossed with projections or nodes so that the nodes 419
contact the on top of the closed cells 414 contact the tissue
interface 108 to enhance fluid flow to tissue site. The nodes
419 may be projections that are flexible or rigid. In one
embodiment, the projections may be formed from a sub-
stantially gas impermeable material such as silicone. In
another embodiment, the projections may be formed from a
semi-gas permeable material. The projections may be
formed as an integral part of the sheet 403 and, therefore,
they may also be formed from the same material as
described above. In one embodiment, the projections may be
solid, while 1n another embodiment the projections may be
hollow to increase flexibility. The projections may form a
plurality of channels and/or voids as described below to
distribute reduced pressure and allow for fluid flow among
the projections. The projections may be dimensioned to
provide local load points evenly distributed at the tissue
interface 108. The pattern and position of the projections
may be uniform or non-uniform. The projections may have
different shapes including, for example, the shape of a spike,
cone, pyramid, dome, cylinder or rectangle.

In some other illustrative embodiments, the layer 400 may
further comprise chambers formed between closed cells to
better distribute the apposition force applied to the manifold
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400 as a result of the application of negative pressure
because the volume of the chambers 1s greater than the
volume of the individual closed cells. In one exemplary
embodiment shown 1n FIGS. 5 and SA, a layer 500 1s similar
in all respects to the layer 400 comprising two sheets 502
and 503 of polymeric film having inner surfaces coupled to
cach other 1 a pattern defining a plurality of closed cells
504. The sheets 502 and 503 may be sealed to each other to
form a sealed region 506 defining the closed cells 504. The
layer 500 also may comprise a plurality of passageways 508
fluidly coupling at least two of the closed cells 504 to form
a closed chamber. In one exemplary embodiment, a closed
chamber 1s formed by all of the closed cells 504 1n a row
fluidly coupled by the passageways 508 as shown 1n FIG. 5.
The closed chambers may be formed 1n alternating rows as
also shown 1n FIG. 5. The formation of closed chambers
with closed cells 1n any pattern distributes apposition forces
applied to the layer 500 more equally across the layer 500.
A portion of those closed cells 504 and 514 extending
through the recessed space 344 also may be textured with
surface features, which may be protrusions or indentations,
to enhance fluid flow through the dressing interface 307 to
the tissue interface 108 and the tissue site as described
above. In one exemplary embodiment as shown 1 FIG. 5B,
closed cells 514 may be embossed with projections or nodes
so that the nodes 519 contact the on top of the closed cells
514 contact the tissue 1interface 108 to enhance fluid tlow to
tissue site.

The layers 400 and 500 both comprise two sheets 402,
403 and 502, 503 of polymeric film having inner surfaces
sealed to each other 1n a pattern defining a plurality of closed

cells 404 and 504 1n close proximity to one another. The
sheets 402, 403 and 502, 503 may be sealed to each other 1n

a sealed region 406 and 506 that defines the closed cells 404,
414 and 504, 514. In both embodiments, the rows of the
closed cells 404, 414 and 504, 514 are staggered so that the
individual cells may be more closely nested together
between the alternating rows to form a nested pattern of cells
formed on the same plane as defined by the sealed regions
406, 506, respectively. In other embodiments, the closed
cells may be arranged in other patterns suitable for the
particular therapy being utilized. For example, the rows and
columns of the closed cells 404, 414 and 504, 514 may be
arranged 1n line to form an aligned, rectangular pattern so
that there 1s more spacing between the closed cells. Increas-
ing the spacing between the closed cells may increase fluid
flow within the fluid pathways of the dressing interface 307,
whereas the nested arrangement of closed cells may restrict
fluid tlow within the fluid pathways. Reterring back to FIG.
3, for example, the closed cells 340 disposed in the negative
pressure pathway 336 are arranged 1n an aligned pattern that
may increase fluid tflow of negative pressure being applied to
the tissue interface 108 to facilitate the removal of fluids and
exudates within the recessed space 344. However, the closed
cells 340 disposed 1n the pressure sensing pathways 334 and
338 are arranged 1n a nested pattern to facilitate pressure
sensing within the recessed space 344 while impeding the
inflow of fluids and exudates into the sensing pathways 334
and 338 to reduce the possibility of blockage.

In other example embodiments, the size and pitch of the
closed cells also may be varied to effect change 1n the fluid
flows through the fluid passageways. Referring again to FIG.
3, for example, the closed cells 340 disposed in the negative
pressure pathway 336 have a slightly larger diameter and
pitch than the closed cells 340 disposed in the pressure
sensing pathways 334 and 338 that may increase tluid tlow
of negative pressure being applied to the tissue mterface 108
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to facilitate the removal of fluids and exudates within the
recessed space 344. The closed cells 340 disposed in the
pressure sensing pathways 334 and 338 have a slightly
smaller diameter and pitch that may restrict flmd flow to
facilitate pressure sensing within the recessed space 344
while impeding the intflow of fluids and exudates into the
sensing pathways 334 and 338 to avoid blockages.

In yet another example embodiment as shown 1n FIGS. 6,
6A, and 6B, a closed-cell layer 600 also comprises two
sheets 602 and 603 of polymeric film having inner surfaces
sealed to each other 1n a pattern defining a plurality of closed
cells i a nested arrangement including closed cells 604 and
smaller closed cells 614. The sheets 602, 603 may be sealed
to each other 1 a sealed region 606 that defines the closed
cells 604, 614. In some embodiments, a wall 635 similar to

the first wall 335 shown 1n FIG. 3 may be disposed between
the plurality of closed cells 604 and 614 forming the
negative pressure pathway 336 and the pressure sensing
pathway 334, respectively. As can be seen, the closed cells
604 disposed 1n the negative pressure pathway 336 have a
noticeably larger diameter and pitch than the smaller closed
cells 614 that may increase fluid tlow of negative pressure
being applied to the tissue interface 108 to facilitate the
removal of fluids and exudates within the recessed space
344. For example, the larger closed cells 604 may have a
diameter 1n the range between about 1 mm and about 10 mm,
whereas the smaller closed cells 614 may have a diameter 1n
the range between about 1 mm and about 3 mm. The closed
cells 614 disposed 1n the pressure sensing pathway 334 have
a noticeably smaller diameter and pitch than the larger
closed cells 604 that may restrict fluid flow to facilitate
pressure sensing within the recessed space 344 while imped-
ing the mntlow of fluuds and exudates into the pressure
sensing pathway 334. It should be understood that the
arrangement and dimensions of the closed cells may be
tailored to manage the delivery of negative pressure to the
tissue mterface 108 and the measurement of pressure within
the recessed space 344.

In operation, the tissue interface 108 may be placed
within, over, on, or otherwise proximate a tissue site, such
as tissue site 150 as shown 1n FIG. 2 and described above.
The cover 106 may be placed over the tissue interface 108
and sealed to an attachment surface near the tissue site 150.
For example, the cover 106 may be sealed to undamaged
epidermis peripheral to a tissue site. Thus, the dressing 102
can provide a sealed therapeutic environment proximate to
a tissue site, substantially 1solated from the external envi-
ronment, and the negative-pressure source 104 can reduce
the pressure in the sealed therapeutic environment. FIG. 7 1s
a schematic diagram of another example embodiment of the
negative-pressure portion of the therapy system of FIG. 1 for
delivering negative pressure to a dressing at a tissue site
including the cover 106 disposed over the tissue site 150, an
attachment device 142 coupling the cover 106 to the tissue
site 150, and the dressing interface 307 shown in FIG. 3.
Additionally, the tissue interface 108 1s the manifold 140
that may be 1n fluid communication with the recessed space
344 through the aperture 342 of the dressing interface 307 as
described above and shown in FIG. 7. The aflixation surface
346 of the dressing interface 307 may be coupled to the

cover 106 to seal and flmdly couple the recessed space 344
of the dressing interface 307 to the manifold 140. The first

wall 335 and the second wall 337 form the three sealed
spaces or fluid pathways 334, 336 and 338 (as indicated by
the dashed line arrows 1n FIG. 3) between the first layer 331
and the second layer 332 as described above.
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As described above, the closed cells 340 have a bottom
portion extending from the first layer 331 and a top portion
extending within the sealed spaces toward the second layer
332 outside the recessed space 344. Within the recessed
space 344, the top portion of the closed cells 340 extend
from the first layer 331 toward the manifold 140 and may be
adapted to come 1n direct contact with the mamiold 140
when the dressing interface 307 applies negative pressure to
the tissue site 150. When negative pressure 1s applied to the
manifold 140, the dressing interface 307 1s compressed as a
result of an apposition force that causes the first layer 331
and the second layer 332 to collapse toward each other
because of the vacuum created within the spaces between
the closed cells 340. Although apposition forces may cause
the closed cells 340 to change shape or flatten somewhat
during the application of negative pressure to the manifold
140, the volume of the closed cells 340 remains substantially
constant and, as a result, maintains fluid flow through the
negative pressure pathway 336 to continue providing nega-
tive pressure therapy to the tissue site 150 and measuring the
pressure provided by the pressure sensing pathways 334 and
338. The closed cells 340 also provide a cushion to help
prevent the sealed spaces of the dressing interface 307 from
collapsing as a result of external forces as described above.
The closed cells 340 disposed in the negative pressure
pathway 336 may be sized and arranged 1n a pattern that may
increase fluid flow of negative pressure being applied to the
manifold 140 to facilitate the removal of fluids and exudates
within the recessed space 344. The closed cells 340 disposed
in the pressure sensing pathways 334 and 338 may be sized
and arranged 1n a pattern to facilitate pressure sensing within
the recessed space 344 while impeding the inflow of fluids
and exudates into the sensing pathways 334 and 338 to
reduce the possibility of blockages.

As 1mdicated above, the closed cells 340 of the dressing
interface 307 may have a variety of shapes, and may be si1zed
and arranged 1n diflerent patterns within the sealed space to
enhance the delivery of negative pressure to the tissue
interface 108 or the manifold 140 for a specific type of tissue
site while optimizing pressure sensing and measurement of
the negative pressure within the recessed space 344. Another
example embodiment of a dressing interface similar to the
dressing interface 307 1s shown in FIGS. 8A, 8B, and 9 as
dressing interface 607 including components having refer-
ence numerals with the last two digits being substantially the
same. The main differences between the two dressing inter-
faces are the applicator 308 and the adapter 312, i.e., the
applicator 608 and an adapter 612 of the dressing interface
607. F1IGS. 8A and 8B are segmented perspective views of
the bottom and top of the dressing interface 607 having a
low profile structure that may be associated with some
example embodiments of the therapy system of FIG. 1. FIG.
9 1s a perspective bottom view of the dressing interface 607
having a low profile structure that may be associated with
some example embodiments of the therapy system of FIG.
1 including both the bottom view shown in FIG. 8A. The
bridge 309 and the conduit 310 of the dressing interface 607
are substantially the same as the dressing intertace 307. The
adapter 612 may be functionally the same as the adapter 312,
but has a different structure that may include a semi-rigid
clbow connector having a low profile configuration. The
applicator 608 may have a variety of shapes such as the
rectangular shape of the dressing interface 307 or the
circular shape of the dressing interface 607, depending on
the one that 1s best suited for the tissue site and the
pneumatic requirements of negative pressure delivery and
pressure sensing.

5

10

15

20

25

30

35

40

45

50

55

60

65

24

Referring more specifically to FIGS. 8 A and 9, the second
layer 332 of the dressing interface 607 may have a generally
circular aperture 642 that opens to a recessed space 644. A
remaining portion of the second layer 332 1n the applicator
608 may comprise an aflixation surface 646 for attaching the
dressing 1nterface 607 to the tissue site. Additionally, the
dressing interface 607 may further comprise a plurality of
closed cells 640 having a generally elongated and convex
shape that are arranged in a generally circular pattern
disposed within the recessed space 644. The closed cells 640
may also comprise surface features 641 similar to the nodes
419 described above as shown in FIGS. 4 and 4B. The
closed cells 640 disposed 1n the center of the recessed space
644 are more aligned with the negative pressure pathway
336 to increase fluid flow of negative pressure being applied
to the tissue 1nterface 108 to facilitate the removal of fluids
and exudates within the recessed space 644. In some
embodiments, some of the closed cells 640 may be disposed
around the aperture 642 to form a semicircular path opposite
the negative pressure pathway 336 including spaces or gaps
643 between the closed cells 640. The semicircular align-
ment of the closed cells 640 are positioned within the
recessed space 644 to better avoid the tlow of tluids passing
through from the tissue interface 108 to the negative pres-
sure pathway 336 when negative pressure 1s applied. Addi-
tionally, the gaps 643 are suiliciently small for further
restricting fluid flow 1nto the pressure sensing pathways 334
and 338 as indicated by the dashed arrows. The gaps 643
facilitate pressure sensing within the recessed space 644
while impeding the inflow of fluids and exudates into the
sensing pathways 334 and 338 to reduce the possibility of
blockage. In some embodiments, a portion of the aperture
perimeter may be welded to the outer circle of the closed
cells 640 to turther restrict fluid tlow to the pressure-sensing
pathways 334 and 338 1n order to further impede the inflow
of fluids and exudates without inhibiting pressure sensing
within the recessed space 644.

As 1ndicated above, the closed cells 340 of the dressing
interface 307 and the dressing interface 607 may have a
variety of shapes, and may be sized and arranged 1n different
patterns within the sealed space to enhance the delivery of
negative pressure to the tissue intertace 108 or the manifold
140 for a specific type of tissue site while optimizing
pressure sensing and measurement of the negative pressure
within the recessed space 344 and the recessed space 644.
Another example embodiment of a dressing interface similar
to the dressing interface 307 and the dressing interface 607
1s shown 1 FIGS. 10, 11A, 11B, 12 and 13 as dressing
interface 707 including components having reference
numerals with the last two digits being substantially the
same. FIG. 10 1s a perspective assembly view of the dressing
interface 707 having a low profile structure that may be
associated with some example embodiments of the therapy
system of FIG. 1. FIGS. 11A and 11B are segmented
perspective bottom and top views, respectively, of an appli-
cator 708 and adapter 712 of the dressing interface 707 of
FIG. 10. The dressing intertace 707 like the dressing inter-
face 307 also may comprise a bridge such as, for example,
bridge 709 adapted for coupling the applicator 708 and the
adapter 712 as shown in FIGS. 11A and 11B, respectively.
The dressing interface 707 also may comprise a top layer
such as, for example, a top layer 731 including a polymeric
film and a base layer such as, for example, a base layer 732
coupled to the top layer 731 around the periphery of the top
layer 731.

The adapter 712 of the dressing interface 707 may be
functionally similar to the in-line adapter 312 as described
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above, or may be substantially similar to the elbow adapter
612 having a structure including a semi-rigid elbow port as
shown i1n FIG. 11B. The applicator 708 of the dressing
interface 707, like the dressing interface 307, may further
comprise an opening or aperture 742 1n the base layer 732
to fluidly couple the sealed space of the dressing interface
707 to the tissue interface 108. The aperture 742 along with
the top layer 731 and the base layer 732 portions of the
applicator 708 may define a recessed space 744 within the
sealed space of the applicator 708, wherein the recessed
space 744 1s adapted to be 1n fluid communication with the
tissue intertace 108 when disposed over the tissue site. That
portion of the recessed space 744 covered by the second
layer 732 of the applicator 708 may be referred to as a
covered space 745. In some embodiments, the aperture 742
may have a diameter 1n a range between about 3.25 cm and
about 17.5 cm. The size of the aperture 742 1s not a relatively
small hole that must be aligned with the opening in the drape
or cover 106 as 1 some prior art devices, but rather is
sufliciently large along with the recessed space 744 to
obviate the need for precise alignment or sizing. In some
embodiments, the aperture 742 may even be larger than the
opening 1n the cover 106. The dressing interface 707 may
also comprise an afhixation surface 746 surrounding the
aperture 742 1n the applicator 708 of the base layer 732 that
may be used to couple the dressing interface 707 to the tissue
site. In some embodiments, the attachment device 142 may
be used to couple the aflixation surface 746 to the tissue
interface 108 and the tissue site. For example, the attach-
ment device 142 may be an adhesive applied to the aflixation
surface 746, and covered by a release liner (not shown) to
protect the adhesive prior to applying the dressing interface
707 to the tissue site.

The dressing interface 707 may further comprise at least
one barrier or wall such as, for example, a first wall 735,
coupled between the first layer 731 and the second layer 732.
In some embodiments, the first wall 735 may extend from
the end of the bridge 709 adjacent the adapter 712 into the
applicator 708 to form at least two sealed spaces or fluid
pathways between the first layer 731 and the second layer
732 within the dressing interface 707. In another example
embodiment, the dressing interface 707 may further com-
prise a second barrier such as, for example, a second wall
737, coupled between the first layer 731 and the second layer
732. In some embodiments, the second wall 737 also may
extend from the end of the bridge 709 adjacent the adapter
712 1nto the applicator 708. In some example embodiments,
the first wall 735 and the second wall 737 may comprise a
polymeric film coupled between the first layer 731 and the
second layer 732. In some other example embodiments, the
first wall 735 and the second wall 737 may comprise a weld
(RF or ultrasonic), a heat seal, an adhesive bond, or a
combination of any of the foregoing. In embodiments com-
prising two walls, e.g., the first wall 735 and the second wall
737, such embodiments may form three sealed spaces or
fluid pathways within the sealed space between the first
layer 731 and the second layer 732. In some embodiments,
the first wall 735 and the second wall 737 cooperate with the
flange 739 to form fluid conductors 762 and 763 for two of
the fluud pathways that may be dedicated to measuring
pressure such as, for example, pressure sensing pathways
334 and 338 (as indicated by the dashed line arrows),
leaving one of the tluid pathways to be utilized for providing
negative pressure such as, for example, negative pressure
pathway 336 (as indicated by the dashed line arrows). In
some example embodiments, the fluid conductors 762 and
763 may have a height having a value 1 a range between
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about 0.25 mm and about 3 mm. In some example embodi-
ments, the fluid conductors 762 and 763 may have a width
having a value 1n a range between about 1 mm and about 7.5
mm. Thus, the fluud conductors 762 and 763 may have a
cross-sectional area having a value 1n a range between about
0.17 mm~ and 16.77 mm~. In some embodiments, the fluid
conductors 762 and 763 may have a cross-sectional area

having a value in a range between about 0.1 mm~ and 18

mm-=.

In some example embodiments, the fluid conductors 762
and 763 and the fluid pathways 334, 336 and 338 may be
fluidly coupled to the conduit 310 by the adapter 712. For
example, the negative pressure pathway 336 may be fluidly
coupled to the central lumen 328 so that the negative
pressure pathway 336 functions to deliver negative pressure
to the tissue interface 108. The pressure sensing pathways
334 and 338 may be fluidly coupled to the peripheral lumens
322 so that the pressure sensing pathways 334 and 338
function to sense negative pressure at the tissue interface
108. Fach of the pressure sensing pathways 334 and 338
may be fluidly coupled directly to the peripheral lumens 322.
In other embodiments, both of the sensing pathways 334 and
338 may be fluidly coupled to a single space (not shown)
within the adapter 712 that i1s also fluidly coupled to the
peripheral lumens 322. In some example embodiments, the
other end of the fluid pathways 334, 336 and 338 may
terminate within the applicator 708 of the dressing interface
707 for delivering and sensing the negative pressure asso-
ciated with the tissue interface 108. In this embodiment of
the bridge 709, both sensing pathways 334 and 338 are
separate from, and side-by-side with, the negative-pressure
pathway 336. The side-by-side orientation of the sensing
pathways 334 and 338 with the negative-pressure pathway
336 forms a bridge that 1s generally flatter than a conduit or
similar fluid conductor while still being resistant to collaps-
ing under pressure that could block fluid tlow through the
fluid pathways.

In some example embodiments, each of the walls 735 and
737 may extend an angular distance around the proximal end
of the applicator 708 and cooperate with blocking walls of
the flanged 739 such as, for example, blocking walls 766 and
767, respectively, to form extensions of the fluid conductors
762 and 763, respectively, that may be fluidly coupled to the
recessed space 744. In this embodiment, the pressure sens-
ing pathways 334 and 338 are in fluid communication with
the recessed space 744 through the fluid conductors 762 and
763 that may be fluidly coupled to the recessed space 744 by
ports such as, for example, through-holes 764 and 7635,
respectively. In some example embodiments, In some
embodiments, the fluid conductors 762 and 763 may include
standofls or closed cells 760 to form the pressure sensing
pathways 334 and 338 as shown in FIG. 12. In other
embodiments, the fluid conductors 762 and 763 may be
opened and supported by a thicker base layer 732 as shown
in FIG. 13. In still other embodiments, the fluid conductors
762 and 763 may comprise or be formed by tubes fluidly
coupled to the pressure sensing pathways 334 and 338 1n the
bridge 709 and the through-holes 764 and 765. The negative
pressure pathway 336 1s also 1n fluid communication with
the recessed space 744 and 1s adapted to deliver negative
pressure to the tissue interface 108 through the recessed
space 744, while the pressure sensing pathways 734 and 738
are adapted to sense the pressure within the sealed environ-
ment through the fluid conductors 762 and 763.

The angular distance of each of the walls 735 and 737
around the proximal end of the applicator 708 that form the
fluid conductors 762 and 763 extends, for example, between
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about 45° and about 315° from the center of the negative
pressure pathway 336 where the negative pressure pathway
336 1s 1n fluid communication with the recessed space 744.
In some embodiments, the angular distance may be different
for each of the fluid conductors 762 and 763 as long as they
are between about 45° and about 315° from the center of the
negative pressure pathway 336. For example, the angular
distance for each of the fluid conductors 762 and 763 may
be located at about 60° and 210°, respectively, from the
negative pressure pathway 336. In some example embodi-
ments, the other ends of the fluid conductors 762 and 763
that are 1n fluid communication with the through-holes 764
and 765 are separated from each other by an angular distance
of at least 90° extending around the applicator 708 1n a
direction away from the negative pressure pathway 336. The
spacing and disposition of the through-holes 764 and 765
from each other, and from the negative pressure pathway
336, allows the pressure sensing pathways 334 and 338 to
better avoid the flow of fluids passing through from the
tissue interface 108 to the negative pressure pathway 336
when negative pressure 1s applied. Additionally, the through-
holes 764 and 765 are suiliciently small for further restrict-
ing tluid flow 1nto the fluid conductors 762 and 763 and the
pressure sensing pathways 334 and 338 as indicated by the
dashed arrows. In some embodiments, the through-holes 764
and 765 may have a cross-sectional area having a value 1n
a range between about 0.17 mm~ and 16.77 mm~. In some
embodiments, the through-holes 764 and 765 may have a
cross-sectional area having a value 1n a range between about
0.1 mm~ and 18 mm~ to further restrict fluid flow to the
pressure-sensing pathways 334 and 338 1n order to further
impede the imnflow of fluids and exudates without inhibiting
pressure sensing within the recessed space 744.

FIG. 10 1s a perspective assembly view of the dressing
intertace 707. The top layer 731 and the base layer 732 of the
dressing interface 707 may be covered with a top film coat
751 and a base film coat 752, respectively, which may be
sealed around their perimeter by a weld to enclose the top
layer 731 and the base layer 732. The top layer 731 and the
top film coat 751 of the dressing interface 707 may each
have ports 753 and 755, respectively, through which fluids
from the tluid pathways 334, 336, and 338 may tlow through
the adapter 712 to the condwt 310. The dressing interface
707 may further comprise a fluid exit bond 757 which may
be, Tor example, a weld between the top layer 731 and the
top f1lm coat 751 to seal their respective ports 753 and 7355
to prevent leakage of fluids flowing through the ports 753
and 755. The base film coat 752 of the dressing interface 707
may have a port 743 concentric with the aperture 742 of the
base layer 732. The dressing interface 707 may further
comprise a fluid exit bond 759 which may be, for example,
a weld between the base layer 732 and the base film coat 752
to seal the aperture 742 and the port 743 to prevent leakage
of fluids flowing through them from the tissue interface 108
into the recessed space 744. The other side of the base film
coat 752 may include an attachment device (not shown),
such as the attachment device 142 described above with
respect to FIG. 7. In some embodiments, a top drape 771
may be utilized to cover the applicator 708 of the dressing
interface 707 to provide additional protection and support
over the applicator 708 of the dressing interface 707 when
the dressing interface 707 1s applied to the tissue site. In
some embodiments, the top drape 771 may also be utilized
to cover any adhesive that might be exposed from applying
the dressing interface 707 to the tissue site. In some embodi-
ments, the top drape 771 may be similar to the cover 106
described above and, as such, may be a polymer such as a
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polyurethane film. In some embodiments, the dressing inter-
tace 707 including both the applicator 708 and the bridge
709 may have a length the ranges between about 15 cm to
about 30 cm. In some embodiments, the applicator 708 the
bridge 709 may be formed as a single device as shown. In
other embodiments, the applicator 708 and the bridge 709
may be separate components that are coupled together to
form a single device. In yet other embodiments, the appli-
cator 708 and the bridge 709 may be separate components
that may be used independently of each other as a single
component 1n the therapy system 100.

Referring to FIG. 12 1s a plan view of a first embodiment
of a bridge of the dressing interface 707 of FIG. 10, 1.¢., the
bridge 709, for coupling the applicator 708 and the adapter
712 shown 1n FIGS. 11 A and 11B, respectively. As indicated
above, the closed cells 340 of the dressing interface 307 and
the closed cells 640 of the dressing interface 607 may have
a variety ol shapes sized and arranged in different patterns
within the sealed space, and the dressing interface 707 may
have closed cells with some similarities to both. For
example, the bridge 709 of the dressing interface 707 may
comprise two sets of closed cells 740 and 741 having a
generally cylindrical shape, one set of closed cells 740
extending from the top layer 731 and the other set of closed
cells 741 extending from the base layer 732. In some
embodiments, the two sets of closed cells 740 and 741 may
be opposingly aligned so that the upper portion of the closed
cells 740 extending from the top layer 731 face, or are
aligned with, the upper portion of the closed cells 741
extending from the base layer 732. In some embodiments,
the bridge 709 may include four rows of closed cells 740 and
741 wherein the closed cells 740 and 741 forming the two
outside rows are oflset or staggered from the closed cells 740
and 741 forming the two inside rows as shown. In this
particular embodiment, the four rows of closed cells 740 and
741 form the negative pressure pathways 336 as indicated by
the three arrows 1n FI1G. 12 and the dashed line ovals shown
in FIGS. 12A and 12B. Each of the walls 735 and 737
cooperate with the flange 739 to form the two fluid conduc-
tors 762 and 763 as described above. In some embodiments,
the fluid conductors 762 and 763 may include standofls or
closed cells 760 to form the pressure sensing pathways 334
and 338 as shown 1 FIGS. 12A and 12B.

As can be seen, the closed cells 740 and 741 disposed 1n
the negative pressure pathway 336 have a larger diameter
and pitch than the smaller closed cells 760 that may increase
fluid flow of negative pressure being applied to the tissue
interface 108 to facilitate the removal of fluids and exudates
within the recessed space 744. The closed cells 760 disposed
in the pressure sensing pathways 334 and 338 have a
noticeably smaller diameter and pitch than the larger closed
cells 740 and 741 that may restrict flud tlow to facilitate
pressure sensing within the recessed space 344 while imped-
ing the inflow of fluids and exudates into the pressure
sensing pathway 334. It should be understood that the
arrangement and dimensions of the closed cells may be
tailored to manage the delivery of negative pressure to the
tissue mterface 108 and the measurement of pressure within
the recessed space 744 as described above with respect to the
other embodiments.

In some embodiments, the bridges 709 may include
closed cells 740 and 741 that are arranged in a different
pattern depending upon the pneumatic requirements of the
fluid pathways. FIG. 13, for example, 1s a plan view of a
second embodiment of a bridge of the dressing interface
707, 1.¢., a bridge 809 for coupling the applicator 708 and the
adapter 712 shown 1 FIGS. 11A and 11B, respectively.
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FIGS. 13, 13A and 13B are cross-sectional views taken
along lines 13A-13A and 13B-13B in FIG. 13 of the bridge
809. The bridge 809 also includes four rows of closed cells
740 and 741, but 1in this embodiment the four rows are
aligned both horizontally and vertically rather than being
oflset or staggered with each other. In some embodiments,
the fluid conductors 762 and 763 may be opened and
supported by a thicker base layer 732 as shown in FIG. 13.
In still other embodiments, the fluid conductors 762 and 763
may comprise or be formed by tubes tluidly coupled to the
pressure sensing pathways 344 and 338 1n the bridge 709. As
described above with respect to the other embodiments, the
applicator 708 and the bridge 709 may have closed cells with
different shapes arranged in different patterns that may be
selected as the one best suited for the particular tissue site
and the pneumatic requirements of negative pressure deliv-
ery and pressure sensing. For example, the applicator 708 of
the dressing interface 707 also comprises the closed cells
740 that are arranged 1n a generally circular pattern within
the recessed space 744 rather than the arrangement of rows
in the bridge 709. The closed cells 1n the sealed space of the
applicator 708 outside the recessed space 744 may also have
different shapes arranged 1n a different pattern to accommo-
date the sensing pathways 334 and 338.

In another example embodiment, the end of the bridge
709 and the adapter 712 may be fluidly coupled to an open
space (not shown) within the adapter 712 as described
above. Referring to FIG. 14, the end of the bridge 709 may
turther comprise a bulbous portion 1n some embodiments
having a structure substantially similar to the structure of the
applicator 708 described above such as, for example, a fluid
coupler 809. The fluid coupler 809 also may comprise a
recessed space (not shown) similar to the recessed space 744
that may be 1n fluid communication with the open space of
the adapter 712. For example, the negative pressure pathway
336 may be tluidly coupled to the central lumen 328 through
the recessed space of the fluid coupler 809 and the open
space 1n the adapter 712 so that the negative pressure
pathway 336 receives negative pressure from the negative
pressure source 104 and delivers the negative pressure to the
tissue interface 108 through the applicator 708. Correspond-
ingly, pressure sensing pathways similar to the pressure
sensing pathways 334 and 338 may be flmidly coupled to the
peripheral lumens 322 of the conduit 310 so that the pressure
sensing pathways are fluidly coupled to the pressure sensor
120 and 1n fluid communication with the recessed space 744
to sense negative pressure at the tissue interface 108. Each
of the pressure sensing pathways may be fluidly coupled
directly or indirectly to the peripheral lumens 322.

The dressing interface 707 with or without the fluid
coupler 809 may be flmdly coupled to the tissue interface
108 as described above that in some embodiments may be
the manifold 140 that 1s fluidly coupled to the recessed space
344 of the dressing intertace 307 as shown in FIG. 7. As
indicated above, the tissue interface 108 may comprise a
variety of different dressings for negative pressure therapy.
Still referring to FIG. 14, for example, a dressing 808 for
treating tissue may be a composite of dressing layers,
including a foam layer 810, a perforated silicone gel 812
having apertures 814 and 816, a fenestrated polyethylene
film (not shown) disposed between the foam layer 810 and
the perforated silicone gel 812, and an adhesive drape (not
shown) covering all three layers. The fenestration pattern of
the polyethylene film can be made 1n registration with the
perforation pattern of at least a central area (not shown) of
the silicone gel 812. In some embodiments, each of the
perforations in the central area may have a width or diameter
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of about 2 millimeters, and each of the fenestrations 1n the
polyethylene film may be slots having a length of about 3
millimeters and a width of about 0.5 millimeters to about 1
millimeter. The foam layer 810 may be foam having an
open-cell structure, such as a reticulated foam. The foam
may also be relatively thin and hydrophobic to reduce the
fluid hold capacity of the dressing, which can encourage
exudate and other flmid to pass quickly to external storage.
The foam layer may also be thin to reduce the dressing
profile and increase tlexibility, which can enable 1t to con-
form to wound beds and other tissue sites under negative
pressure. The adhesive drape may have an aperture or
opening adapted to be fluidly coupled to the recessed space
744 of the applicator 708. Because of the size of the aperture
742 of the recessed space 744 as described above, alignment
of the aperture 742 with the aperture of the adhesive drape
when positioning the applicator 708 on the dressing 808
does not need to be as precise making 1t much easier to apply
the tissue interface at the tissue site.

The fluid restrictions may comprise a plurality of linear
slits or slots 1n some embodiments. For example, the fluid
restrictions may comprise a plurality of linear slots having a
length of approximately 4 millimeters or less, and a width of
approximately 2 millimeters or less. A length of approxi-
mately 3 millimeters and a width of approximately 1 milli-
meter may be suitable for many therapeutic applications. In
some embodiments, the fluid restrictions may be distributed
across the polymer film in a uniform pattern, such as a grid
of parallel rows and columns. In some embodiments, the
fluid restrictions may be distributed across the polymer film
in parallel rows and columns, and the rows may be spaced
about 3 millimeters apart from each other. The fluid restric-
tions 1n each of the rows may also be spaced about 3
millimeters apart from each other 1n some examples.

FIG. 15 shows a first graph illustrating tlow rates (L/min)
of fluids drawn through the bridge 709 of the dressing
interface 707 as shown by the dashed line that varies as a
result of the application of a flat compressive force to the
bridge 709 of the dressing interface 707. FIG. 15 shows a
second graph illustrating tlow rates (L/min) of tluids drawn
through a foam conduit fluidly coupled to a standard elbow
connector as shown by the solid line that also varies as a
result of the application of a flat compressive force to the
conduit portion of the elbow connector. In each case, 25
mmHg of negative pressure was applied by both the dressing
interface 707 and the elbow connector to a foam pad with 1.0
mpas ol fluid. Both devices were subjected to these com-
pressive forces over a range of 0-70 kg. Fluid tlow for the
bridge 709 of the dressing interface 707 suflered a loss 1n
fluid flow of only 10% at 70 kg, while the foam conduit
sullered a loss of about 85% at 70 kg. Fundamentally, the
flow rate through the bridge 709 of the dressing interface
707 exceeded the flow rate of the foam conduit over the
entire range of 0-70 kg and, as such, 1s less susceptible to
blockages. Thus, the performance of the bridge 709 of the
dressing 1interface 707 exceeded the performance of the
foam conduit with the application of flat a compressive
force.

FIG. 16 shows a first graph illustrating tlow rates (L/min)
of fluids drawn through the bridge 709 of the dressing
interface 707 as shown by the dashed line that varies as a
result of the application of a compressive force on a hori-
zontal point of the bridge 709 of the dressing intertace 707
as opposed to a tlat compressive force. FIG. 16 also shows
a second graph illustrating flow rates (L/min) of fluids drawn
through a foam conduit fluidly coupled to a standard elbow
connector as shown by the solid line that also varies as a
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result of the application of a compressive force on a hori-
zontal point of the conduit portion of the elbow connector.
In each case, 25 mmHg of negative pressure was applied by
both the dressing interface 707 and the elbow connector to
a foam pad with 1.0 mpas of fluid. Both devices were
subjected to these compressive forces over a range of 0-70
kg. The bridge 709 of the dressing interface 707 was able to
maintain open flow when subjected to a compressive load of
more than 10 to 20 kg greater than was subjected to the foam
conduit. Thus, the performance of the bridge 709 of the
dressing interface 707 exceeded the performance of the
foam conduit with the application of a compressive force at
a specific horizontal point because the bridge 709 1s less
susceptible to blockages.

FIG. 17 shows a first graph illustrating tflow rates (/24
Hrs) of fluids drawn through the dressing interface 707 as
shown by the dashed line 770 that vary as a result of the
application of a compressive force to the applicator 708 of
the dressing intertace 707. FIG. 17 also shows a second
graph 1illustrating flow rates (/24 Hrs) of fluids drawn
through a standard elbow connector and a conduit fluidly
coupled to the connector as shown by the dashed line 780
that also vary as a result of the application of a compressive
force to the elbow connector. In each case, 25 mmHg of
negative pressure was applied by both the dressing interface
707 and the elbow connector to a foam pad with 1.0 mpas
of fluid. The results for both devices were compared to a
target criteria as shown by the solid line 790 that was set at
a minimum value of 20 L/24 hrs over range of 0-70 kg for
this type of tissue interface. Fluid flow for the dressing
intertace 707 was more than twice (100% above) the target
criteria with the application of a compressive force of about
40 kg at 772, and still more than 33% above the target
criteria at a maximum compressive force of 70 kg at 774.
Fundamentally, the flow rate through the applicator 708 of
the dressing interface 707 exceeds the mimimum flow rate of
20 L/24 hrs over the entire range of 0-70 kg. In comparison,
fluid tlow for the standard elbow connector fell below the
target criteria with the application of a compressive force of
only 10 kg at 782, and fell to a zero flow rate or total
blockage at a compression force of 20 kg at 784. The flow
rate through the elbow connector not only did not exceed the
mimmum flow rate through the entire range of 0-70 kg, but
also dropped quickly below the minimum flow rate at only
10 kg. Thus, the performance of the applicator 708 of the
dressing interface 707 well exceeded the performance of the
clbow portion of the elbow connector with the application of
a compressive force.

FIG. 18 shows a first graph illustrating flow rates (/24
Hrs) of fluids drawn through the dressing interface 707 as
shown by the dashed line 776 that varies as a result of the
application of a compressive force to the bridge 709 of the
dressing interface 707. FIG. 18 also shows a second graph
illustrating flow rates (/24 Hrs) of fluids drawn through a
standard elbow connector and a conduit fluidly coupled to
the connector as shown by the dashed line 786 that also
varies as a result of the application of a compressive force
to the conduit portion of the elbow connector. In each case,
25 mmHg of negative pressure was applied by both the
dressing interface 707 and the elbow connector to a foam
pad with 1.0 mpas of fluid. The results for both devices were
compared to the target criteria as shown by the solid line 790
that again was set at a minimum value of 20 L/24 hrs over
range of 0-70 kg for this type of tissue interface. Fluid flow
for the dressing intertace 707 was about 150% above the
target criteria with the application of a compressive force
above the target criteria at a maximum compressive force of

10

15

20

25

30

35

40

45

50

55

60

65

32

70 kg at 778 on the bridge 709 of the dressing interface 707.
Fundamentally, the flow rate through the bridge 709 of the
dressing 1nterface 707 exceeds the minimum flow rate of 20
[./24 hrs over the entire range of 0-70 kg. In comparison,
fluid flow for the standard elbow connector fell below the
target criteria with the application of a compressive force on
the conduit portion of the elbow connector of only 45 kg at
787, and fell to a nearly zero flow rate or total blockage at
a compression force of 50 kg at 788. The tlow rate through
the elbow connector not only did not exceed the minimum
flow rate through the entire range of 0-70 kg, but also
dropped quickly below the minimum flow rate at 45 kg.
Thus, the performance of the bridge 709 of the dressing
interface 707 exceeded the performance of the conduit
portion of the elbow connector with the application of a
compressive force.

As described above, the cellular structure of the dressing
interface 707 including the bridge 709 and the applicator
708 may provide significant advantages of being able to
sustain flow through the fluid pathways 334, 336 and 338
when subjected to compressive forces and the application of
negative pressure. This may also be true for the cellular
structures of the dressing interface 307 which may comprise
a cellular structure having only closed cells 340 extending
from the first layer 331 or another cellular structure having
both closed cells 340 and closed cells 350 extending from
the second layer 332. Regardless of the cellular structure,
both of the dressing interface 307 and the dressing interface
707 may be used on wounds 1n pressure sensitive areas of
the body such as, for example, a sacral wound, an area where
the patient leans on or sits on while resting. Either one of the
dressing interfaces may cause maceration to the tissue
surrounding the wound, 1.e., the pennwound skin, causing
pain and discomiort for the patient. Although the application
ol negative pressure to the wound by either the applicator
308 or the applicator 708 may remove most of the fluids and
wound exudates from the tissue site, the second layer 332
and base layer 732 may comprise a relatively thick poly-
meric {ilm having a relatively high MVTR.

For example, the dressing intertace 707 comprises four
layers of thick polymeric film including the top layer 731
and the base layer 732, also referred to collectively as outer
layers 731 and 732, and the sheet material from which the
closed cells 740 and 741 are formed, 1.e., top sheet 831 and
base sheet 832 referred to collectively as inner layers 831
and 832. These layers may each comprise a relatively thick
polymeric film such as, for example, a thermoplastic poly-
urethane (TPU) film that 1s permeable to water vapor but
impermeable to liquid. The outer layers 731 and 732 and the
iner layers 831 and 832 may be breathable in various
respects and may have MV TRs that are proportional to their
thickness. For example, the MVTR may be at least 300 g/m~
per twenty-four hours in some embodiments. In some
embodiments, the combination of all four layers may reduce
the MVTR to an unacceptable value. Thus, it may be
desirable to provide the mechanical properties of a stack of
film layers that has a relatively low natural MVTR (i.e., less
than about 250 g/m?) but establish a method to increase the
breathability of the device itself and potentially limit the
adverse eflects of periwound maceration. Increasing the
breathabaility of the device 1tself, e.g., the breathability of the
dressing 1nterface 707, would be desirable 11 the modifica-
tion did not diminish the structural and low profile benefits
associated with maintaining the flow of fluids through the
fluid pathways 334, 336 and 338 when subjected to com-
pressive forces and the application of negative pressure. In
some example embodiments, managing moisture levels on
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the periwound skin may be accomplished by thinning the
walls of the closed cells 740 and 741 with respect to the
thickness of the inner layers 831 and 832. More specifically,
managing moisture levels may be achieved by thinning the
top portion or distal ends of the closed cells 740 and 741
while maintaining the thickness of the sidewalls of the
closed cells 740 and 741 extending from the inner layers 831
and 832. So rather than having a stack of three or four layers,
a dressing interface having closed cells with top portions
that are thinned relative to the thickness of the individual
layers would have a more favorable MVTR over the surface
area defined by the footprint of the closed cells. For
example, the footprint of the closed cells may be determined
by the cell coverage percentage described above.

Referring to FIG. 19, an exploded, perspective view of a
section of FIG. 13A 1s shown including two rows of the
closed cells 740. In some example embodiments, the closed
cells 740 and the closed cells 741 (not shown) may each be
tformed from the imnner layers 831 and 832 (not shown) which
may be a polymeric film with properties similar to those
described above. In some embodiments, the closed cells 740
and the closed cells 741 may be formed from the 1nner layers
831 and 832 to comprise sidewalls tapering from to a distal
surface. For example, a vacuum process may be used that
draws the top sheet 831 into a tool or mold that forms the
closed cells 740 with sidewalls 842 tapering from a surface
833 of the top sheet 831 to distal ends 840. Correspondingly,
the vacuum process may be used to draw the bottom sheet
832 1nto a tool or mold that forms the closed cells 741 with
sidewalls 843 tapering from a surface 834 of the top sheet
832 to distal ends 841. In some embodiments, the distal
surfaces of the closed cells 740 and the closed cells 741 may
be opposingly aligned as shown 1n FIGS. 13A and 13B and
contact each other when the dressing interface 707 1s sub-
jected to the application of negative pressure or Compressive
forces. (The same 1s true for the dressing interface 307,
except that the closed cells 340 and 350 are aligned against
the opposing second layer 332 and the first layer 331,
respectively, rather than each other.) As a result, the distal
ends 840 of the closed cells 740 are thinned out to a
thickness less than the thickness of the top sheet 831 while
the sidewalls 842 remain sufliciently thick to support the
fluid pathways 334, 336 and 338 during the application
compressive forces and/or the application of negative pres-
sure. Correspondingly, the distal ends 841 of the closed cells
741 may also, or alternatively, be thinned out to a thickness
less than the thickness of the bottom sheet 832 while the
sidewalls 843 remain sufliciently thick to support the fluid
pathways 334, 336 and 338 during the application compres-
sive forces and/or the application of negative pressure.

In some embodiments, the closed cells 740 may be
formed from a top sheet 831 having a thickness that varies
between about 250 um and about 1000 um. In some other
embodiments, the sidewalls 842 may have a thickness
before thinming progresses that varies between about 200 um
and about 700 um. In still other embodiments, the distal ends
840 may have a thickness that varies between about 25 um
and about 250 um. For such embodiments, the closed cells
740 may have a thinning ratio, 1.e., the ratio between the
thickness of the distal ends 840 and the thickness of the top
sheet 831, as small as about 10%. For example, the closed
cells 740 may be formed from a top sheet 831 having a
thickness of about 370 um such that the sidewalls 842 have
a thickness of about 230 um and the distal ends 840 have a
thickness of about 50 um. For this example, the closed cells
740 have a thinning ratio of about 13.5%. In some embodi-
ments, the closed cells 741 may be formed from a bottom
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sheet 832 having a thickness that varies between about 250
um and about 1000 um. In some other embodiments, the
sidewalls 843 may have a thickness before thinning pro-
gresses that varies between about 200 um and about 700 um.
In still other embodiments, the distal ends 841 may have a
thickness that varies between about 25 um and about 250
um. For such embodiments, the closed cells 741 may have
a thinning ratio, 1.e., the ratio between the thickness of the
distal ends 841 and the thickness of the bottom sheet 832, as

small as about 10%. For example, the closed cells 741 may
be formed from a bottom sheet 832 having a thickness of
about 370 um such that the sidewalls 843 have a thickness
of about 230 um and the distal ends 841 have a thickness of
about 50 um. For this example, the closed cells 741 have a
thinning ratio of about 13.5%.

In some embodiments, the amount of thinning of the distal
ends 840 may be controlled by adjusting the draw ratio as
described above. For example, the closed cells 740 may

have a height of about 2.0 mm that may be formed from a
top sheet 831 having a thickness of about 400 um with a
draw ratio of about 3:1 may yield a thinning ratio of about
12.5%. In another example, a draw ratio of about 3:1 may
yield a thinning ratio of about 10%. In other example
embodiments, the thinning ratio may be increased by
increasing the draw ratio, which may be achieved by
increasing the cross-sectional area of the closed cells 740
and there distal ends 840 being thinned and/or increasing the
height of the closed cells 740. In some embodiments,
increasing the cell coverage percentage as defined above
may also increase the composite thinning across the surface
area of the top sheet 831 for the dressing interface 707. For
example, the top sheet 831 may be a Platilon® thermoplastic
polyurethane film available from Convestro LLC, such as
Platilon U 4201 Y/AU. In some embodiments, using a draw
ratio of about 2.75:1 and a cell coverage percentage of about
33% with a top sheet 831 comprising this Platilon film and
having a thickness of about 500 um, increased the MVTR
from about 60 g/m” per 24 hours to about 400 g/m” per 24
hours posting an increase 1n breathability and moisture
management of about 600%.

In some embodiments, the dressing interface 707 may
further comprise a wicking system to further offload flmid
from the periwound including material for evaporating fluids
drawn from the periwound. Referring more specifically to
FIGS. 20A and 20B, a top view and bottom view of the
dressing interface 707 comprising the top layer 731 and the
base layer 732 (see FIG. 10) that may be covered with the
top film coat 751 and the base film coat 752, respectively.
The top film coat 751 and the base film coat 752 may be
sealed around their perimeter by a weld to enclose the top
layer 731 and the base layer 732. In some example embodi-
ments, the base film coat 752 may comprise a moisture
offloading layer 794 that may be adapted to contact the tissue
site for wicking fluids from the periwound. In some example
embodiments, the top film coat 751 may comprise material
for evaporating tluids drawn from the periwound such as, for
example, moisture evaporation tabs 796 coupled to the top
film coat 751. In some embodiments, the moisture evapo-
ration tabs 796 may be fluidly coupled to the moisture
oflloading layer 794 to evaporate tluids offloaded from the
moisture offloading layer 794 into the open air. In some
embodiments, the moisture offloading layer 794 and the
moisture evaporation tabs 796 may comprise the same
materials used for both wicking and evaporation of fluids
from the periwound. In yet other embodiments, the moisture
offloading layer 794 and the moisture evaporation tabs 796
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may be used independently for both wicking and evapora-
tion of fluids from the pernnwound.

The moisture offloading layer 794 and the moisture
egvaporation tabs 796 may comprise a non-woven material
such as, for example, a polyester non-woven material such
as, for example, Libeltex TDL4. In some embodiments,
other non-woven structures may be used such as, for
example, Libeltex TDL2, or laminations with fiber or foam
structures. Further, other materials may be used, such as a
polyurethane film having a igh MV'TR that may provide for
evaporation of condensate. In other embodiments, the mois-
ture offloading layer 794 and the moisture evaporation tabs
796 may comprise materials that are hydrophilic 1n nature
such as, for example, gels and foams that may be used to
provide wicking and/or evaporation. For example, such
materials may include one or more the following maternals:
hydrophilic polyurethane; cellulosics; hydrophilic poly-
amides; polyvinyl alcohol; polyvinyl pyrrolidone; hydro-
philic acrylics; hydrophilic silicone elastomers; a thin,
uncoated polymer drape; natural rubbers; polyisoprene; sty-
rene butadiene rubber; chloroprene rubber; polybutadiene;
nitrile rubber; butyl rubber; ethylene propylene rubber;
cthylene propylene diene monomer; chlorosulfonated poly-
cthylene; polysulfide rubber; EVA film; co-polyester; sili-
cones; a silicone drape; a 3M Tegaderm® drape; polyether
block polyamide copolymer (PEBAX), for example, from
Arkema, France; Expopack 2327; or other appropriate mate-
rial.

A method for providing negative pressure to a sealed
space 1n fluild communication with a tissue site 1s also
disclosed. In one example embodiment, the method com-
prises positioning a tissue interface or manifold at a tissue
site for delivering negative pressure to the tissue site, and
coupling a recessed space of a dressing interface or a
connector to the tissue interface or manifold wherein the
dressing interface comprises a first fluid pathway and a
second tluid pathway that are fluidly coupled to the recessed
space 1 a side-by-side relationship. Such method further
comprises applying negative pressure to the recessed space
through the first fluid pathway formed by a first layer of
polymeric film coupled to a second layer of polymeric film
including features separating the first layer and the second
layer to form the first pathway. Such method turther com-
prises sensing the negative pressure within the recessed
space through the second fluid pathway formed by the first
layer and the second layer including features separating the
first layer and the second layer to form the second pathway.
The features or closed cells within the first pathway and the
second pathway may prevent the pathways from collapsing
as a result of apposition forces generated by the application
ol negative pressure to the dressing interface or connector.
These features or closed cells may also prevent the negative
pressure or pressure sensing from being blocked as a result
ol external forces being applied to the dressing interface or
connector.

The systems, apparatuses, and methods described herein
may provide other significant advantages. For example,
some therapy systems include a closed system that does not
provide airflow to a tissue interface frequently enough which
may result 1in the creation of a significant head pressure. The
head pressure 1n some embodiments may be defined as a
difference 1n pressure (DP) between a negative pressure set
by a user or caregiver for treatment, 1.e., the target pressure
(TP), and the negative pressure provided by a negative
pressure source that 1s necessary to oifset the pressure drop
inherent 1n the fluid conductors, 1.e., the supply pressure
(SP), 1n order to achueve or reach the target pressure ('1P).
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For example, the head pressure that a negative pressure
source needs to overcome may be as much as 75 mmHg.
Problems may occur in such closed systems when a block-
age occurs 1n the pneumatic pathway of the fluid conductors
that causes the negative pressure source to increase to a
value above the normal supply pressure (SP) as a result of
the blockage. For example, 11 the blockage suddenly clears,
the instantaneous change 1n the pressure being supplied may
cause harm to the tissue site. Consequently, the supply
pressure (SP) 1s limited to a maximum value that cannot be
exceeded 1n order to avoid the possibility of causing harm to
the tissue site.

Some therapy systems have attempted to compensate for
head pressure by introducing a supply of ambient air flow
into the therapeutic environment by providing a vent on the
dressing to provide ambient air flow into the therapeutic
environment as a controlled leak. However, such a vent
typically includes a filter that could become blocked when
the dressing 1s applied or if the user or patient accidentally
sits on the vent after the dressing 1s applied. Locating the
filter 1n such a location may also be problematic because 1t
1s more likely to be contaminated or compromised by other
chemicals and agents associated with treatment utilizing
instillation fluids that could adversely aflect the performance
of the filter and the vent itself.

The embodiments of the therapy systems described above
may overcome the problems associated with having a large
head pressure 1n a closed pneumatic environment, and the
problems associated with using a vent disposed on or
adjacent the dressing. More specifically, the embodiments of
the therapy systems described above may resolve such
problems by fluidly coupling the therapeutic environment to
a fluid regulator such as, for example, the regulator 118 1n
FIG. 1, through any one of the flmd pathways so that the
fluid regulator i1s separated from the dressing 102. For
example, either one of the pressure sensing pathways 334 or
338 may be used as a fluid conductor between the thera-
peutic space and the regulator. In embodiments of therapy
systems that include an air flow regulator comprising a filter
and a fluid conductor, the filter maintains a substantially
constant airflow and provides a continuous flow of a mixture
of wound fluids and ambient air into the canister as
described above. Moreover, such embodiments reduce the
head pressure associated with the fluid conductors of the
therapeutic system so that the negative pressure source can
achieve the same target pressure (1P) with a lower supply
pressure (SP). Such therapy systems utilizing an air flow
regulator as described above are not only safer, but also
require less battery power to generate the same target
pressure (1P). Such therapeutic systems including airflow
regulators also facilitate detection of blockages in the fluid
conductors because erroneous blockages will be less likely
to be confused with the elimination of a systemic leak.

In embodiments of therapy systems that include an air
flow regulator comprising a valve such as the solenoid valve
described above, the valve provides a controlled airflow as
opposed to a constant airflow. The valve of the air tlow
regulator otherwise possesses many similarities to the filter
embodiment and the same benefits as described above. The
controller may be programmed to periodically open the
solenoid valve as described above allowing ambient air to
flow into the fluid pathway and dressing interface for a
predetermined duration of time and consequently providing
a predetermined volume of airtlow into the pneumatic
system. This feature allows the controller to activate the
solenoid valve 1n a predetermined fashion to purge any
blockages that may develop 1n the fluid pathways or the
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recessed space during operation. In some embodiments, the
controller may be programmed to open the solenoid valve
for a fixed period of time at predetermined intervals such as,
for example, for five seconds every four minutes to mitigate
the formation of any blockages.

In some other embodiments, the controller may be pro-
grammed to open the solenoid valve in response to a
stimulus within the pneumatic system rather than, or addi-
tionally, being programmed to function on a predetermined
therapy schedule. For example, 11 the pressure sensor 1s not
detecting pressure decay 1n the camster, this may be 1indica-
tive of a column of fluid forming in the fluid pathway or the
presence of a blockage in the fluid pathway. Likewise, the
controller may be programmed to recognize that an expected
drop 1n canister pressure as a result of the valve opening may
be an indication that the fluid pathway 1s open. The con-
troller may be programmed to conduct such tests automati-
cally and routinely during therapy so that the patient or
caregiver can be forewarned of an impending blockage. The
controller may also be programmed to detect a relation
between the extent of the deviation in canister pressure
resulting from the opening of the valve and the volume of
fluid with 1n the fluid pathway. For example, if the pressure
change within the canister 1s significant when measured, this
could be an indication that there 1s a significant volume of
fluid within the fluud pathway. However, if the pressure
change within the canister 1s not significant, this could be an
indication that the plenum volume was larger.

The systems, apparatuses, and methods described herein
may provide other significant advantages. For example,
when the first and second fluid conductors are combined 1nto
a single fluid conductor as described above, the single fluid
conductor may simplify use of the system. Additionally, the
single fluid conductor may be fluidly coupled directly to the
canister allowing the user or caregiver to connect only one

conductor to the therapy system rather than two separate
fluid conductors.

Another advantage 1s that the disposable elements can be
combined with the mechanical elements 1n a variety of
different ways to provide therapy. For example, 1n some
embodiments, the disposable and mechanical systems can be
combined 1nline, externally mounted, or internally mounted.
Additionally, the applicator the bridge of the dressing inter-
faces described above may be formed as separate compo-
nents that are coupled together to form a single device. In yet
other embodiments, the applicator and the bridge may be
separate components that may be used independently of
cach other as a single component 1n the therapy system.

While shown 1n a few illustrative embodiments, a person
having ordinary skill in the art will recognize that the
systems, apparatuses, and methods described herein are
susceptible to wvarious changes and modifications. For
example, certain features, elements, or aspects described 1n
the context of one example embodiment may be omitted,
substituted, or combined with {features, elements, and
aspects of other example embodiments. Moreover, descrip-
tions of various alternatives using terms such as “or”” do not
require mutual exclusivity unless clearly required by the
context, and the indefinite articles “a” or “an” do not limit
the subject to a single mstance unless clearly required by the
context. Components may be also be combined or elimi-
nated in various configurations for purposes of sale, manu-
facture, assembly, or use. For example, in some configura-
tions the dressing 102, the container 112, or both may be
climinated or separated from other components for manu-
facture or sale. In other example configurations, the con-

10

15

20

25

30

35

40

45

50

55

60

65

38

troller 110 may also be manufactured, configured,
assembled, or sold independently of other components.

In some embodiments, the dressing interface may com-
prise a “top” layer and a “base” layer that are not limiting
with respect to the orientation of the dressing interface. For
example, the dressing interface 307 may comprise a top
layer such as, for example, the first layer 331, and a base
layer such as, for example, the second layer 332, coupled to
the first layer 331 around the periphery of the first layer 331
to form a sealed space within the dressing interface 307.
Thus, the sealed space may be formed between the first layer
331 and the second layer 332 of both the applicator 308 and
the bridge 309 of the dressing intertace 307.

The appended claims set forth novel and inventive aspects
of the subject matter described above, but the claims may
also encompass additional subject matter not specifically
recited 1n detail. For example, certain features, elements, or
aspects may be omitted from the claims 11 not necessary to
distinguish the novel and inventive features from what 1s
already known to a person having ordinary skill in the art.
Features, elements, and aspects described herein may also be
combined or replaced by alternative features serving the
same, equivalent, or similar purpose without departing from
the scope of the mvention defined by the appended claims.

What 1s claimed 1s:

1. An apparatus for managing fluid in a system for treating
a tissue site, the apparatus comprising:

a first layer including polymeric film;

a second layer including polymeric film coupled to the
first layer to form a sealed space between the first layer
and the second layer, the sealed space including a port
at a proximal end of the sealed space;

a first mner layer including a polymeric film disposed
between the first layer and the second layer and defin-
ing a plurality of closed cells with the first layer, the
closed cells including sidewalls having a thickness
tapering from the first layer to a distal end of the closed
cells within the sealed space; and

an applicator having an aperture formed in the second
layer at a distal end of the sealed space, wherein the
aperture exposes a portion of the plurality of closed
cells to define a recessed space adapted to be fluidly
coupled to the tissue site.

2. The apparatus of claim 1, wherein the polymeric film
1s polyurethane having an average thickness between about
250 um and about 1000 um.

3. The apparatus of claim 1, wherein the polymeric film
1s polyurethane having an average thickness between about
250 um and about 1000 um and the distal end of the closed
cells have an average thickness between about 50 um and
about 250 um.

4. The apparatus of claim 1, wherein the polymeric film
1s polyurethane and the distal ends of the closed cells have
a thickness of less than about 40% of a thickness of the first
layer or the second layer.

5. The apparatus of claim 4, wherein the distal ends of the
closed cells have a thickness greater than about 10% of a
thickness of the first layer or the second layer.

6. The apparatus of claim 4, wherein the first inner layer
including the distal ends of the closed cells together with the
first layer have a MVTR greater than about 300 g/m” per 24
hours.

7. The apparatus of claim 4, wherein the first inner layer
including the distal ends of the closed cells together with the
second layer have a MVTR greater than about 300 g/m* per
24 hours.
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8. The apparatus of claim 1, further comprising a first
barrier coupled between the first layer and the second layer
to form two fluid pathways within the sealed space extend-
ing between the recessed space and the port.

9. The apparatus of claim 8, further comprising a second
barrier coupled between the first layer and the second layer
to form a total of three fluid pathways within the sealed
space extending between the recessed space and the port.

10. The apparatus of claim 9, wherein the three fluid
pathways comprise a first fluid pathway formed between the
first barrier and the second barrier, a second fluid pathway
formed between the seal and the first barrier, and a third fluid
pathway formed between the seal and the second barrier.

11. The apparatus of claim 10, wherein the port comprises
a {irst port coupled to the first flmd pathway and adapted to
be fluidly coupled to a source of negative pressure.

12. The apparatus of claim 11, wherein the port further
comprises a second port coupled to the second flmid pathway
and a third port coupled to the third fluid pathway, wherein
both the second port and the third port are adapted to be
fluidly coupled to a pressure sensor.

13. The apparatus of claim 1, wherein the second layer 1s
adapted to contact the distal ends of the closed cells when
negative pressure 1s applied to the port.

14. The apparatus of claim 1, further comprising a second
inner layer including a polymeric film disposed between the
first layer and the second layer and defining a plurality of
closed cells with the second layer, the closed cells including
sidewalls having a thickness tapering from the second layer
to a distal end within the sealed space.

15. The apparatus of claim 14, wherein the polymeric film
1s polyurethane and the distal ends of the closed cells have
a thickness between about 10% and about 40% of a thick-
ness of either the first layer or the second layer.

16. The apparatus of claim 14, wherein the plurality of
closed cells extending from the second layer and the first
layer are arranged in rows that are staggered.

17. The apparatus of claim 14, wherein the plurality of
closed cells extending from the second layer and the first
layer are arranged in rows that are aligned.

18. The apparatus of claim 14, wherein the plurality of
closed cells extending from the second layer are arranged to
interleave with the plurality of closed cells extending from
the first layer.

19. The apparatus of claim 14, wherein the polymeric film
1s polyurethane having an average thickness between about
250 um and about 1000 um and the distal ends of the closed
cells have an average thickness between about 50 um and
about 250 um.

20. The apparatus of claim 1, wherein the closed cells
have a circular base having an average diameter between
about 1 mm and about 10 mm.

21. The apparatus of claim 1, wherein the closed cells
have an average height between about 2 mm and about 5
mm.

22. The apparatus of claam 1, wherein the closed cells
have an average pitch between about 1 mm and about 10 mm
between adjacent closed cells.

23. The apparatus of claim 1, wherein the polymeric film
1s any one taken from the group of high density polyethyl-
ene, low density polyethylene, and linear low density poly-
cthylene, and polyurethane.

24. The apparatus of claim 1, wherein the polymeric film
1s polyurethane having a yield strength greater than about 10
MPa.

25. The apparatus of claim 1, wherein the polymeric film
1s polyurethane having an average thickness of about 400
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um and wherein the closed cells have a draw ratio ranging
from about 5:1 to about 13:1.

26. The apparatus of claim 1, wherein the polymeric film
1s polyurethane having an average thickness of about 600
um and wherein the closed cells have a draw ratio ranging
from about 3:1 to about 9:1.

27. The apparatus of claim 1, wherein the closed cells
have an internal pressure greater than the atmospheric
pressure.

28. The apparatus of claim 1, wherein the closed cells
have an internal pressure less than about 25 ps1 above the
atmospheric pressure.

29. An apparatus for managing fluid 1n a system for
treating a tissue site, the apparatus comprising:

a first layer including a polymeric film;

a second layer including a polymeric film coupled to the
first layer with a seal forming a sealed space between
the first layer and the second layer;

a first mner layer including a polymeric film disposed
between the first layer and the second layer and defin-
ing a plurality of closed cells with the first layer, the
closed cells including sidewalls having a thickness
tapering from the first layer to a distal end within the
sealed space; and

a second mner layer including a polymeric film disposed
between the first layer and the second layer and defin-
ing a plurality of closed cells with the second layer, the
closed cells including sidewalls having a thickness
tapering from the second layer to a distal end of the
closed cells within the sealed space.

30. The apparatus of claim 29, wherein the distal ends of
the closed cells extending from the second layer are
arranged to contact the distal ends of the closed cells
extending from the first layer.

31. The apparatus of claim 29, wherein the polymeric film
1s polyurethane having an average thickness between about
250 um and about 1000 um and the distal ends of the closed
cells have an average thickness between about 50 um and
about 250 um.

32. The apparatus of claim 29, turther comprising a
barrier coupled between the first layer and the second layer
to form two fluid pathways within the sealed space.

33. The apparatus of claim 29, wherein the sealed space
1s formed between the first inner layer and the second 1nner
layer.

34. An apparatus for managing fluid mn a system for
treating a tissue site, the apparatus comprising:

a top layer including a polymeric film having a plurality
of closed cells including sidewalls tapering from the
top layer to a distal end of the closed cells;

a base layer including a polymeric film coupled to the top
layer with a seal forming a sealed space between the top
layer and the base layer, the base layer further including
a plurality of closed cells having sidewalls tapering
from the base layer to a distal end of the closed cells;
and

a barrier coupled between the top layer and the base layer
to form two fluid pathways within the sealed space.

35. The apparatus of claim 34, wherein the distal ends of
the closed cells extending from the top layer are arranged to
contact the distal ends of the closed cells extending from the
base layer.

36. The apparatus of claim 34, wherein the polymeric film
1s polyurethane having an average thickness between about
250 um and about 1000 um and the distal ends of the closed
cells have an average thickness between about 50 um and
about 250 um.
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37. The apparatus of claim 34, wherein the top and the
base lavyers including the distal ends of the closed cells
together have a MVTR greater than about 300 g/m” per 24
hours.

38. The apparatus of claim 34, further comprising an
applicator having an aperture formed 1n the base layer at the
distal end of the sealed space, wherein the aperture exposes
a portion of the plurality of closed cells to define a recessed
space adapted to be fluidly coupled to the tissue site.
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